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Wykaz zastosowanych skrotow:

AGO2: sktadnik katalityczny RISC 2 argonaute (ang. Argonaute 2, catalytic component
of RISC)

ARID5B: domena interakcji bogata w AT 5B (AT-rich interaction domain 5B)

asRNA antysensowne RNA (ang. antisense RNA)

BMI: wskaznik masy ciata (ang. Body Mass Index)

BRAF: Protoonkogen B-Raf, kinaza serynowo-treoninowa (ang. B-Raf proto-oncogene,
serine/threonine kinase)

ceRNA: konkurujacy endogenny RNA (ang. competing endogenous RNA)

CDKNIC: inhibitor kinazy zalezny od cykliny 1C (ang. cyclin dependent kinase inhibitor
1C)

circRNA: koliste RNA (ang. Circular RNA)

dPCR: cyfrowa reakcja tancuchowa polimerazy (ang. digital Polymerase Chain Reaction)
EC: rak endometrialny (ang. Endometrial Cancer)

EMT: przej$cie nablonkowo-mezenchymalne (ang. pithelial-mesenchymal transition)
EOC: nabtonkowy rak jajnika (ang. Epithelial Ovarian Cancer)

ERK: kinaza regulowana pozakomorkowo (ang. Extracellularly Regulated Kinase)
FBXO11: cztonek podrodziny F-box (ang. F-box protein 11)

FIGO: Migdzynarodowa Federacja Ginekologii 1 Potoznictwa (ang. The International
Federation of Gynecology and Obstetrics)

FOXO1: biatko Forkhead 01 (ang. Forkhead box 01)

GASS: transkrypt specyficzny dla zatrzymania wzrostu 5 (ang. Growth Arrest Specific 5)
GNAI2: podjednostka alfa G-biatka hamujaca aktywnos$¢ 12 (ang. G protein subunit alpha
i2)

JPH4: juntofilina 4 (ang. junctophilin 4)

IncRNA: dlugie niekodujagce RNA (ang. long noncoding RNA)

L1CAM: czasteczka adhezji komodrkowej L1 (ang. L1 cell Adhesion Molecule)

MAPK: kinaza biatkowa aktywowana mitogenem (ang. mitogen activated kinase-like
protein)

MEG3: gen 3 wyrazony po matce (ang. maternally Expressed Gene 3)

miRISC: kompleks wyciszajacy indukowany przez miRNA (ang. miRNA-induced
silencing complex)

miRNA: mikroRNA (ang. microRNA)


https://www.ncbi.nlm.nih.gov/gene/84159
https://www.ncbi.nlm.nih.gov/gene/673
https://www.ncbi.nlm.nih.gov/gene/673

MMP2: metaloproteinaza macierzy 2 (ang. matrix metallopeptidase 2)

MMP9: metaloproteinaza macierzy 9 (ang. matrix metallopeptidase 9)

MMRd: niedobor naprawy niedopasowania (ang. mismatch repair deficient)

MSI: niestabilno$¢ mikrosatelitarna (ang. Microsatellite Instability)

NBTAL1: dhugi niekodujacy transkrypt RNA zwigzany z neuroblastomg 1 (ang. long
noncoding RNA neuroblastoma-associated transcript 1)

ncRNA: niekodujace RNA (ang. noncoding RNA)

NF-KB: czynnik jadrowy kappa B (ang. nuclear factor kappa B)

NSMP: niespecyficzny profil molekularny (ang. non-specific molecular profile)

PCOS: zespot policystycznych jajnikdow (ang. policystic ovary syndrome)

PIK3CA: podjednostka katalityczna kinazy fosfatydyloinozytolu-3,4,5-trifosforanu,
(ang. phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha)

PIK3R1: podjednostka  regulacyjna  kinazy  fosfatydyloinozytydu-3  (ang.
phosphoinositide-3-kinase regulatory subunit 1)

piRNA: RNA wigzace si¢ z biatkiem PIWI (ang. piwi-interactive RNA)

PTEN: homolog fosfatazy i tensyny (ang. phosphatase and tensin homolog)

rRNA: rybosomalne RNA (ang. ribosomal RNA)

SNORDA48: mate jaderkowe RNA, pole C/D 48 (ang. Small Nucleolar RNA, C/D Box
48)

snoRNA: mate jaderkowe RNA (ang. small nucleolar RNA)

snRNA: male jadrowe RNA (ang. small nuclear RNA)

SOX17: czynnik transkrypcyjny SOX17 zwigzany z regionem SRY (ang. SRY-related
HMG-box)

STAT3: przetwornik sygnatu i aktywator transkrypcji 3 (ang. Signal Transducer and
Activator of Transcription 3)

TCGA: atlas genomu raka (ang. The Cancer Genome Atlas)

TNM: system oceny stopnia zaawansowania nowotworu (ang. Tumor, Nodus,
Metastases)

tRNA: transportowe RNA (ang. transport RNA)

TRPS1: represor transkrypcyjny wiazacy GATA 1 (ang. transcriptional repressor GATA
binding 1)

TSHR: receptor hormonu tyreotropowego (ang. Thyroid Stimulating Hormone Receptor)

U6: (RNU6-1) RNA, maly jadrowy RNA (ang. small nuclear RNA)



ZEB1: homeoboks1 wigzacy E-box z cynkowym palcem (ang. zinc finger E-box binding
homeobox 1)
ZEB2: homeoboks2 wigzacy E-box z cynkowym palcem (ang. zinc finger E-box binding

homeobox 2)
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2. Wprowadzenie

2.1.Rak endometrium: charakterystyka kliniczna, klasyfikacja
molekularna oraz znaczenie mikroRNA w patogenezie tego

nowotworu

Rak endometrium (EC) jest sz6stym najczesciej diagnozowanym nowotworem u kobiet
na Swiecie [1]. Jest drugim najczesciej] wystepujacym nowotworem zenskich narzagdow
ptciowych [2]. W 2020 r. zdiagnozowano 417 367 EC na catym $wiecie. Jego czestos¢
wystepowania wynosi 12,9-20,2 na 100 000 kobiet, a wspoélczynnik $miertelnosci

2,0-3,7 na 100 000 kobiet [3].

Czesto$¢ zachorowania na raka endometrium ma tendencj¢ wzrostowa, najwigcej
zachorowan odnotowuje si¢ w krajach Ameryki Pdélnocnej i Europy, gdzie jest to
najczestszy nowotwor zenskich narzadow piciowych. Wysoki  wspotczynnik
zapadalno$ci mozna przypisa¢ duzej czgstosci wystepowania czynnikoéw ryzyka EC
zwigzanych ze stylem zycia, takich jak wysoki standard zycia, starzenie si¢ populacji,
otytos¢ i brak aktywnosci fizycznej, ktore sa zwigzane z okoto 50% przypadkéw EC [1,4].
Wedlug European Cancer Observatory wskaznik zapadalnosci na raka endometrium
gwaltownie ro$nie i szacuje si¢, ze do 2040 r. wzrosnie o ponad 50% na catym $wiecie.
Odnotowano takze, ze wskaznik ten ma tendencj¢ wzrostowa w USA 1 kilku krajach

europejskich od okoto 2000 r. [5].

Rozpoznanie EC stawia si¢ na podstawie wyniku histopatologicznego uzyskanego
poprzez biopsj¢ aspiracyjng endometrium lub wylyZzeczkowanie jamy macicy

poprzedzonego lub nie histeroskopig [6].

Wyréznia si¢ kilka rodzajow klasyfikacji EC. Najstarszym historycznym podziatem jest
podziat morfologiczny, wedtug dualistycznej teorii Bokhmana, gdzie EC klasyfikowano
jako typ I, tzw. endometrioidalny, ktory jest zwigzany z nadmierng stymulacja
estrogenowa, wystepuje gtdéwnie u kobiet otylych z zespolem policystycznych jajnikéw
(PCOS) i cyklami bezowulacyjnymi. Moze rowniez wystapic u kobiet z predyspozycjami
genetycznymi, np. zespol Lyncha. Typ ten rozwija si¢ na podstawie hiperplazji
endometrium. Typ I EC jest czgstszy, ma korzystne rokowanie i stanowi 80-90%

przypadkow raka endometrium. Natomiast typ II (nieendometrioidalny) niezwigzany ze



stymulacja estrogenowa ma zle rokowanie. Typ [ obejmuje gruczolakoraka
endometrioidalnego w stadium I lub II, podczas gdy typ II EC obejmuje gruczolakoraka
endometrioidalnego W stadium 111, surowiczego,  jasnokomorkowego

1 niezréznicowanego raka [7, 8].

Klasyfikacja WHO z 2005 r. (5. edycja) identyfikuje 10 podtypoéw histologicznych
ztosliwego rozrostu btony $luzowej macicy. Sg to: rak endometrioidalny
(85%), rak surowiczy (3-10%), rak jasnokomodrkowy (<5-10%), rak
niezroznicowany/odréznicowany,  gruczolakorak  mieszanokomorkowy  (10%),
gruczolakorak z pozostatosci przewodéw Wolffa, rak ptaskonabtonkowy (< 0,5%), rak
sluzowy typu jelitowego, gruczolakorak imitujacy raka z przewodow Wolffa i migsakorak

(ok 5%) [9, 10].

Zgodnie z zaleceniami Migdzynarodowej Federacji Ginekologdéw 1 Potoznikow (FIGO)
raka endometrium mozna réwniez podzieli¢ na trzy stopnie w zaleznosci od stopnia
zréznicowania histologicznego (opieraja si¢ przede wszystkim na cechach
architektonicznych), tj.: G1-G3. G1 charakteryzuje si¢ < 5% litym wzorem wzrostu,
G2 ma od 6 do 50% litego wzoru wzrostu, podczas gdy G3 ma > 50 % litego wzoru
wzrostu. Wedlug FIGO 2023 guzy Gl 1 G2 naleza do guzdéw niskiego stopnia

zrdéznicowania, natomiast G3 s3 guzami wysokiego stopnia zréznicowania [11].

W 2013 r. The Cancer Genome Atlas (TCGA) wprowadzit nowa klasyfikacje
molekularng raka endometrium, ktéra jest niewatpliwym postgpem w diagnostyce
1 leczeniu raka endometrium. Wskazuje ona na zmiang paradygmatu z klasyfikacji
morfologicznej na molekularng 1 pozwala na wiarygodne oszacowanie rokowania i oceng
odpowiedzi na leczenie. Na podstawie badania TCGA zidentyfikowato cztery podgrupy

molekularne, naleza do nich:

e grupa POLEmut — charakteryzuje si¢ mutacjami w genie polimerazy epsilon
(POLE) (7%,

e grupa MSI — zwigzana jest z niestabilno$cig mikrosatelitarng (MSI) wynikajaca
z niedoboru mechanizmu naprawy niedopasowan (MMRd) (28%),

e grupa p53abn — cechuje si¢ duzymi zmianami liczby kopii somatycznych,

napedzanymi przez mutacje w genie 7P53 (26%),
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e grupa NSMP — obejmuje nowotwory o matej liczbie kopii, bez zdefiniowanego

profilu molekularnego (39%).

Grupy te roznig si¢ profilem mutacji, immunogennos$cig, rokowaniem i wymagaja

odmiennego postepowania [12, 13].

Guzy POLEmut maja najlepsze rokowanie, natomiast grupa z duza liczba kopii
napedzana mutacjami w genie 7P53 rokuje niekorzystne. Rokowanie guzow
z niedoborem naprawy niedopasowan (MMRd) 1 tych bez specyficznego profilu
molekularnego (NSMP) jest posrednie [14, 15]. Molekularna ocena zaawansowania raka
endometrium jest przydatna ze wzgledu na jej warto$¢ prognostyczng i potencjal

przewidywania korzy$ci terapii adiuwantowej [16].

Wprowadzenie nowego podziatu molekularnego miato wptyw na zmiane klasyfikacji
FIGO z 2009 r., ktora oceniata stopien zawansowania chirurgiczno-patologicznego EC,
na klasyfikacj¢ FIGO 2023. Nowa klasyfikacja opierajaca si¢ na wytycznych
ESGO/ESTRO/ESP zawiera nowe podklasyfikacje uwzgledniajace mutacje genetyczne
[11, 17].

Ocena kompletnej klasyfikacji molekularnej (POLEmut, MMRd, NSMP, p53abn) jest
przeprowadzana we wszystkich przypadkach raka endometrium w celu prognostyczne;j
stratyfikacji grup ryzyka. Podtypy molekularne majg istotny wplyw na rokowanie, nawrot
choroby 1 wyniki przezycia w roznych kohortach pacjentow 1 sa potencjalnymi
czynnikami wplywajacymi na decyzje dotyczace leczenia adiuwantowego Iub
systemowego. Charakterystyka molekularna EC to szybko rozwijajaca si¢ dziedzina
wymagajaca dalszych badan. Podstawowym leczeniem raka endometrium jest leczenie
chirurgiczne, ewentualnie nastgpcza chemioterapia, radioterapia i chemioradioterapia
[14, 18, 19]. Ryzyko nawrotu raka endometrium wystepuje rowniez w przypadkach
0 wczesnym zaawansowaniu 1 wynosi 2,9% w ciagu pierwszych 3 lat po zakonczeniu

leczenia [20].

Najczestsza mutacjg genetyczng w raku endometrium jest mutacja genu supresorowego
PTEN. Funkcjonalna inaktywacja PTEN zwigzana jest z inicjacja 1 progresja raka

endometrium. Badania wykazaty 34-55% czgsto$¢ wystepowania mutacji somatycznych
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genu PTEN przy 50-83% czgstosci wystgpowania utraty lub spadku biatka PTEN
[21, 22].

Zmniejszenie ekspresji genu PTEN w tkankach raka endometrium moze by¢ tez
spowodowane hipermetylacja jego promotora. Metylacje promotora PTEN zostaty
zaobserwowane w 52,0% tkanek nowotworowych [23]. Innym istotnym genem
zaangazowanym w kancerogeneze raka endometrium jest SOXI7 (ang. SRY-related
HMG-box) pehigcy funkcje genu supresorowego. Jego inaktywacja odgrywa istotng role
w progresji nowotworu poprzez deregulacje procesu przejscia nabtonkowo-

-mezenchymalnego (EMT) [24].

2.2.Znaczenie mikroRNA w kancerogenezie 1 w raku endometrium

Do mechanizméw regulujacych ekspresje genoéw zalicza si¢ zardwno klasyczne
mechanizmy epigenetyczne, jak i nieckodujagce RNA (ncRNA, noncoding RNA). Pomimo
ze ncRNA nie sg klasycznymi czynnikami epigenetycznymi, to odgrywaja istotng role

w regulacji ekspresji gen6w na poziomie posttranskrypcyjnym [25, 26].

Do klasycznych mechanizméw epigenetycznych naleza: metylacja DNA, modyfikacje
histonow (np. acetylacja, metylacja, fosforylacja) tworzace tzw. kod histonowy oraz

remodeling chromatyny [27].

Niekodujagcymi RNA s3: tRNA (ang. transport RNA), rRNA (ang. ribosomal RNA),
IncRNA (ang. long noncoding RNA), snRNA (ang. small nuclear RNA), snoRNA (ang.
small nucleolar RNA), asRNA (ang. antisense RNA), ceRNA (ang. competing
endogenous RNA), piRNA (ang. piwi-interactive RNA), miRNA (ang. micro RNA) [28].

MikroRNA stanowig szczegolnie interesujaca klase niekodujacych RNA ze wzgledu na
rolg, jaka pelniag w regulacji ekspresji genoéw. Zostaty odkryte w 1993 r., sg to
jednoniciowe, mate czasteczki RNA o dhugosci okoto 19-25 nukleotydow. Pierwszym
opisanym miRNA byla czasteczka kodowana przez gen lin-4, ktéra reguluje ekspresje

biatka LIN14 u Caenorhabditis elegans, co zostato opisane przez Lee i wsp. [29].

Biogeneza miRNA rozpoczyna si¢ w jadrze komorkowym, gdzie polimeraza RNA II (Pol

II) syntetyzuje pierwotny transkrypt miRNA (pri-miRNA). Pri-miRNA jest przycinana

12



przez kompleks DROSHA-DGCRS8 do prekursora miRNA (pre-miRNA). Pre-miRNA
jest nastepnie transportowana do cytoplazmy przez Exportyne 5, ktéora w tym procesie
wchodzi w interakcje z biatkiem Ran-GTP [30]. W cytoplazmie pre-miRNA jest dalej
przetwarzany przez endonukleaz¢ DICER do dwuniciowego dupleksu miRNA. Jedna
z nici (tzw. ni¢ przewodnia) zostaje wiaczona do kompleksu miRISC (miRNA-induced
silencing complex), ktérego kluczowym komponentem jest biatko Argonaute 2 (AGO?2),

natomiast druga ni¢ ulega degradacji [31, 32].

MikroRNA dzialaja jako sktadniki kompleksu rybonukleoproteinowego zwanego
miRISC (mikroRNA-induced silencing complex) [33]. Dojrzate czasteczki miRNA,
osadzone w kompleksach miRISC, majg zdolnos¢ wigzania si¢ w obrebie regionu 3'UTR
mRNA genu docelowego. W przypadku petnej komplementarnosci miRNA do sekwencji
docelowej dochodzi do degradacji mRNA. Znacznie cz¢$ciej jednak wystgpuje niepeina
komplementarno$¢ prowadzaca do represji translacyjnej [34]. Mechanizmy dzialania
miRNA obejmuja regulacj¢ posttranskrypcyjna poprzez: represje translacji, degradacje
mRNA, skrdcenie ogona poli (A) oraz usunigcie czapeczki 5'-7-metyloguanozylowej, co

skutkuje destabilizacja i wyciszeniem ekspresji docelowego genu [35].

MikroRNA uczestnicza w regulacji wielu procesOw komoérkowych, takich jak:
proliferacja, migracja, inwazja oraz przejscie nabtonkowo-mezenchymalne (EMT).
EMT to wazny proces, w ktorym komorki nabtonkowe tracg kontakt komorka-komorka
1 przechodza stopniowg transformacje z fenotypu nablonkowego w mezenchymalny, co
obejmuje np. przebudoweg cytoszkieletu i aktywno$¢ migracyjng [36]. MikroRNA
wplywaja rowniez na stabilno$¢ genomu, regulacj¢ metabolizmu, apoptoze komorek
nowotworowych, a takze uczestniczg w angiogenezie 1 umozliwiaja nowotworowi
ucieczke przed kontrolg ze strony uktadu odpornosciowego [37-41]. Moga regulowac
ekspresje gendw zaré6wno wewnatrz komodrki, w ktorej sa syntetyzowane,
jak 1 w komorkach sagsiadujacych — po ich wydzieleniu do mikro$rodowiska guza. Tym
samym stanowig istotne regulatory zlozonej sieci procesoOw zachodzacych
w mikrosrodowisku guza [42]. Przyktadem jest rodzina let-7, ktora dziata jako regulator
normalnego roznicowania 1 proliferacji komorek oraz hamuje wzrost komorek
nowotworowych. Poziom let-7 ma kluczowe znaczenie dla komorek rozwijajacych sig,
a jego dziatanie obejmuje m.in. bezposrednig regulacje gendw RAS poprzez interakcje

z biatkiem LIN28 [43].
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Podczas kancerogenezy obserwuje si¢ znaczace zmiany w profilu ekspresji miRNA.
Deregulacja ta moze by¢ wynikiem wielu zmian, w tym amplifikacji lub delecji genow
kodujacych miRNA, zmian epigenetycznych, a takze zaburzen w mechanizmach
biogenezy, takich jak defekty biatek DICER 1 DROSHA [35, 44]. MikroRNA moga pehi¢
zardwno funkcje onkogenne, jak i supresorowe. Jako onkogeny promuja rozwdj raka
poprzez hamowanie ekspresji genow supresorowych lub genéw kontrolujacych
roznicowanie komorek 1 apoptozg. Z kolei miRNA dziatajace jako supresory
kancerogenezy moga hamowa¢ rozwo6j nowotworu poprzez regulacje onkogendow lub
gendéw kontrolujacych cykl komorkowy [45]. Przyktadami sag miR-181a, miR-181b
1 miR-181c, ktorych ekspresja jest obnizona w glejaku [46], podczas gdy miR-181a
1 miR-181b ulegaja nadmiernej ekspresji u pacjentdw z ostrg biataczka limfoblastyczng

(ALL) [47].

MikroRNA uczestniczag takze w regulacji szlakow sygnatowych zwigzanych
z nowotworzeniem, w tym JAK/STAT3 [48], NF-KB [49] i MAPK/ERK [50]. Ponadto
moga wzajemnie regulowac swoje dziatanie w ramach ztozonej sieci miRNA-miRNA

[51].

Same mikroRNA moga by¢ regulatorami powyzszych proceséw, jednak ich aktywno$é
podlega rowniez precyzyjnej regulacji. Jednym z mechanizméw modulowania jest ich
kontrola przez inne klasy niekodujacych RNA, takie jak koliste RNA (circRNA), dlugie
niekodujace RNA oraz pseudogeny. Szczegbdlnie circRNA dzialajg jako ,,gabki
molekularne”, wiazac 1 ograniczajac ich dostepnos$¢ oraz zdolno$¢ do oddzialywania
z docelowymi mRNA. W ten sposéb moduluja ekspresj¢ gendw na poziomie
posttranskrypcyjnym. Pojedyncza czasteczka circRNA moze oddzialywaé z wieloma

roznymi miRNA [52, 53].

Obecnie mikroRNA sa atrakcyjnymi kandydatami na cele terapeutyczne w leczeniu
nowotworow ztosliwych. Dlatego identyfikacja ich genow docelowych jest kluczowa
w badaniach nad mechanizmami kancerogenezy. MikroRNA sg rowniez wykorzystywane
jako biomarkery do oceny odpowiedzi na leczenie. W badaniach wykazano, ze miRNA
indukuja chemiooporno$¢ w réznych typach nowotworach [54]. Ponadto opisany zostal
zwigzek migdzy ekspresja miRNA a odpowiedzig na leczenie, przyktadem moze by¢ rak

piersi, w ktorym stwierdzono, ze ekspresja miRNA-205 byta podwyzszona w komoérkach
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opornych na tamoksifen MCF-7/TAMR-1 (M/T) i egzosomach pochodzacych z komoérek
M/T (M/T-Exo) [55].

W raku ptuc wykazano rowniez zwigzek miedzy zmienionymi poziomami mikroRNA
a opornoscig na cisplatyne. Nadekspresji ulegaty miR-33b-3p, miR-425-3p, miR-124,
miR-295-5p, podczas gdy obnizong ekspresje odnotowano dla miR-98, miR-26a,
miR-107 lub miR-17 [56].

W zaawansowanym raku jelita grubego wykazano, ze opornos¢ na FOLFOX
(5-fluorouracyl, leukoworyna 1 oksaliplatyna) koreluje z nadmierng ekspresja
miR-19a [57]. Podobna sytuacja ma miejsce podczas leczenia pacjentow
z zaawansowanym rakiem jelita grubego inhibitorami anty-VEGF lub anty-EGFR, np.

nadmierna ekspresja miR-126 koreluje z opornoscig na bevacizumab [58].

Zjawisko chemioopornos$ci wystgpuje réwniez w raku endometrium. Wykazano, ze
miR-222-3p zwigksza oporno$¢ komodrek nowotworowych na raloksifen poprzez
hamowanie ekspresji receptora estrogenowego alfa (ERa). Sugeruje to, ze miR-222-3p
moze by¢ potencjalnym celem umozliwiajacym przywrocenie ekspresji ERa i skutecznej
odpowiedzi na terapi¢ antyestrogenowa w EC. Nadekspresja miR-222-3p zmniejszala
wrazliwos$¢ komorek RL95-2 na raloksifen, podczas gdy zahamowanie ekspres;ji

miR-222-3p zwigkszato wrazliwos¢ komorek AN3CA [59].

Ciekawym kierunkiem badan jest oporno$¢ na cisplatyne u pacjentek z EC. Wykazano,
ze nadekspresja miR-135a zwigkszyta przezywalnos¢ komorek raka endometrium po
leczeniu cisplatyng, natomiast jej obnizenie prowadzito do zwigkszenia apoptozy
indukowanej przez lek. Wyniki te wskazuja, Zze miR-135a reguluje oporno$¢ na cisplatyne
w komorkach EC. Poziom ekspresji miR-135a jest zwigzany z apoptoza indukowang
przez cisplatyng w komorkach EC. Wyniki te sugeruja, ze miR-135a moze wptywac na

chemiowrazliwo$¢ komorek raka endometrium na leczenie cisplatyng [60].
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2.3.0moéwienie wybranych mikroRNA

Kancerogeneza jest zlozonym mechanizmem, na ktory maja niewatpliwy wplyw
mikroRNA, jednak w dalszym ciggu procesy te wymagaja lepszego zrozumienia.
Identyfikacja potencjalnych markeréw utatwiajacych diagnostyke EC, jak rowniez
potencjalnych celow terapeutycznych jest wyzwaniem dla medycyny 1 nauki, dlatego
analiza zmian ekspresji wybranych mikroRNA, takich jak miR-205-5p, miR-222-3p
1 miR-21-5p, moze w przysztosci stanowi¢ fundament dla opracowania nowych strategii

terapeutycznych.

2.3.1. MikroRNA-205-5p

Hsa-miR-205-5p-5p (miR-205-5p, miR-205) to mikroRNA, ktérego nadmierna ekspresja
jest istotnie skorelowana z zaawansowanym stadium choroby EC, cze¢sto$cia nawrotow
1 stabymi wskaznikami przezycia [61, 62]. Karaayvaz 1 wsp. wskazali, ze poziomy
ekspresji miR-205-5p byly istotnie zwigzane z przezyciem pacjentek z rakiem
endometrium. Pacjentki z niskg ekspresjag miR-205-5p mialy wigksze szanse dtuzszego
przezycia niz te z wysokimi poziomami miR-205-5p, co potwierdza obserwacje, ze
podwyzszone poziomy miR-205-5p w tkankach nowotworowych moga prowadzi¢ do

gorszego wskaznika przezycia u pacjentek z rakiem endometrium [61].

MiR-205-5p bierze udzial w regulacji ekspresji genu supresorowego PTEN [63, 64].
Zaobserwowano, ze ekspresja miR-205-5p jest znacznie wyzsza w komorkach linii
Ishikawa w poréwnaniu do prawidlowego endometrium [65]. MiR-205-5p oddziatuje
bezposrednio z regionem 3'-UTR genu PTEN, co skutkuje obnizeniem poziomu mRNA
1 biatka PTEN. Ponadto ustalono, ze miR-205-5p blokuje translacj¢ PTEN i aktywuje
szlak sygnalizacyjny AKT. Konstytutywna aktywacja AKT przyczynia si¢ do progresji
nowotworu 1 do deregulacji genow takich jak 7P53 i BCL-2. Obnizenie ekspresji
miR-205-5p powoduje spadek poziomu biatka p53 1 wzrost poziomu biatka BCL-2.
W zwigzku z tym, ze geny TP53 1 BCL-2 sa zaangazowane we wzrost komorek, apoptoze
1 proliferacj¢, wyniki te stanowig podstawe do dalszych badan nad rola miR-205-5p
w komoérkach EC. Szybko$¢ apoptozy komorek moze by¢ réwniez hamowana przez
miR-205-5p. MiR-205-5p funkcjonuje zatem jako onkogen 1 hamuje apoptoze
komorkowa w EC poprzez ukierunkowanie na szlak PTEN/AKT [65].
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Ponadto miR-205-5p hamuje ekspresj¢ takze innego genu supresorowego JPH4,

promujac nowotworzenie i progresje nowotworu [66].

Nalezy rowniez zauwazy¢, ze miR-205-5p odgrywa wazng role¢ w migracji i inwazji raka
endometrium. Mechanizm ten opiera si¢ aktywacji szlaku AKT. Hamowanie ekspresji
E-kadheryny i promowanie ekspresji Snail poprzez aktywacj¢ AKT i zmniejszenie
ekspresji kinazy syntezujacej glikogen 3B jest zwigzane z nadmierng ekspresja
miR-205-5p. Molekularny mechanizm dziatania miR-205-5p regulujacy przejscie
nablonkowo-mezenchymalne poprzez aktywacj¢ sygnalizacji AKT w komorkach raka
endometrium w liniach komoérkowych HEC-50B 1 HEC-1-A opisali Jin C. i wsp. [67].
Inny mechanizm dziatania miR-205-5p-5p regulujacy EMT opisywany jest w komorkach
raka piersi poprzez wyciszanie ZEB2 1 ZEB1 (ang. zinc finger E-box binding homeobox

1,2) [68].

Ekspresje miR-205-5p badano tez w innych nowotworach i1 wykazano, ze ulega on
nadekspresji w liniach komodrkowych raka glowy i szyi [69], raku szyjki macicy [70],
raku nerki i pecherza moczowego [71], niedrobnokomoérkowym raku phluc [72] i1 raku
piersi [68] w poréwnaniu z tkankami normalnymi. Natomiast obnizona ekspresja

miR-205-5p zostata opisana w raku zotadka [73].

Ekspresje miR-205-5p badano réwniez w surowicy krwi 1 stwierdzono istotnie wyzszy
poziom ekspresji u pacjentow z rakiem niedrobnokomédrkowym ptuc w pordwnaniu
z grupg kontrolng [74, 75]. Przeprowadzono tez badania poziomu ekspresji miR-205-5p
w surowicy w celu odrdznienia fagodnych guzéw tarczycy od ztosliwych. Poziomy
w surowicy byly najwyzsze u pacjentow ze ztosliwymi guzami tarczycy, nizsze
u pacjentdow z guzami tagodnymi, a najnizsze w grupie kontrolnej. Ponadto jego ekspresja
korelowata z rozmiarem guza, stopniem zaawansowania, przerzutami do weztow
chlonnych, naciekaniem torebki guza i statusem mutacji BRAF (ang. B-Raf proto-
-oncogene, serine/threonine kinase). Zidentyfikowano dodatnig korelacje miedzy
ekspresjag miR-205-5p a poziomami mRNA 7SHR (ang. thyroid stimulating hormone

receptor) u pacjentéw z rakiem tarczycy [76].

Zmiany ekspresji miR-205-5p badano w guzach EC opornych na leczenie. Zhuo 1 Yu
zaobserwowali, ze miR-205-5p ulega nadekspresji w komorkach Ishikawa-PR (opornych

na progesteron) w porownaniu z komoérkami Ishikawa. Ponadto badacze zaobserwowali,
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ze leczenie inhibitorem miR-205-5p-5p znaczaco zahamowato wzrost komorek Ishikawa
1 komorek guza PR. Obserwacje te pokazuja, ze miR-205-5p moze by¢ zaangazowany
w opornos¢ na progesteron w EC, chociaz mechanizm opornosci nadal pozostaje
niejasny. Wyniki badan wskazuja réwniez nowg perspektywe mechanizmu regulacyjnego
miR-205-5p-5p na gen PTEN w PR-EC, gdzie poziomy PTEN byly znaczaco
zmniejszone w komorkach PR Ishikawy, a inhibitor miR-205-5p zwigkszyt ekspresje
PTEN w tych komérkach. Odkrycia te pokazuja, ze miR-205-5p odgrywa wazng role
w utracie ekspresji PTEN i rozwoju PR w komorkach EC [77].

Badania wptywu miR-205-5p na mechanizm opornosci na paklitaksel wykazaly, ze
miR-205-5p ulega nadekspresji w tkankach EC, a jego celem jest FOXO! (ang. Forkhead
box O1). FOXOI to czynnik transkrypcyjny szeroko rozpowszechniony w sercu, mézgu,
ptucach i innych tkankach i narzadach. MiR-205-5p indukowal wzrost opornosci na
paklitaksel i przyczyniat si¢ do neoplazji komoérek EC poprzez wptyw na FOXOI.
Obnizenie ekspresji miR-205-5p zwigkszyto wrazliwo§¢ komorek EC na paklitaksel, co
skutkowalo zmniejszeniem proliferacji komorek i przyspieszeniem apoptozy. Regulacja
ekspresji miR-205-5p wyznacza nowy mozliwy kierunek leczenia pacjentow z EC [78].
Nalezy rowniez wspomniec, ze IncRNA takze maja wptyw na raka endometrium poprzez
modulacj¢ osi sygnalizacyjnej miR-205-5p-5p-PTEN. Taki przyktad przedstawili
Xin 1 wsp., opisujac wptyw IncRNA, tj. LA16¢-313D11.11, na o§ miR-205-5p-5p-PTEN,
gdzie LA16¢-313D11.11 moze hamowac rozwoj 1 progresj¢ EC, dziatajac jak gabka miR-
205-5p, a tym samym posrednio zwigkszajac ekspresje PTEN [79]. Xin 1 wsp. doniesli,
ze az 13 IncRNA moze by¢ powigzanych z siecia miR-205-5p-5p-PTEN 1 sa to:
LINC00657, RP11-395G23.3, HNRNPU-AS1, MCM3AP-AS1, SNHGS5, SNHGI16,
LA16¢-313D11.11, THAP9-AS1, RP11-379K17.11, RP11-38P22.2, RP11-349A22.5,
UBXNS8 1 ERVK3-1. Wykazano, ze tych 13 IncRNA moze dziata¢ jako endogenne
»spongy RNAs”, wchodzac w interakcje z miR-205-5p-5p i go thumiac [80].

2.3.2. MikroRNA 222-3p

Kolejnym wybranym do badan mikroRNA jest hsa-miR-222-3p (miR-222-3p, miR-222).
Byt on intensywnie analizowany w kontekscie wielu typdw nowotworow, w tym w raku
endometrium. Wykazano, ze ekspresja miR-222-3p jest podwyzszona w tkankach EC
ujemnych pod wzgledem ERa. Ponadto ekspresja miR-222-3p jest istotnie nizsza
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w probkach tkanki EC ERo-dodatniej niz w ERa-ujemnej i poziom ekspresji
miR-222-3p jest odwrotnie skorelowany z ekspresja Era. Wykazano réwniez, ze
nadmierna ekspresja miR-222-3p byta skorelowana z wyzszymi stopniami, pdzniejszymi
stadiami 1 wigksza liczbg przerzutow weztowych. Ponadto stwierdzono, ze in vivo

supresja miR-222-3p moze znaczaco hamowac wzrost guza [59].

Poziom ekspresji miR-222 badano w surowicy 1 wykazano jego wyzsze poziomy
w surowicy u pacjentek z EC w poréwnaniu z grupg kontrolng [81]. Natomiast w moczu

u starszych kobiet jego poziom ekspresji ulegt obnizeniu [82].

Ekspresj¢ miR-222-3p badano réwniez w innych nowotworach, np.: u pacjentek
z nablonkowym rakiem jajnika (EOC). Wykazano, ze jest on supresorem, a nadekspresja
wigze si¢ z lepszym ogdlnym przezyciem u pacjentek z EOC. Ponadto jego ekspresja byta
negatywnie skorelowana ze wzrostem guza in vivo. Eksperymenty przeprowadzone przez
Fu i wsp. in vitro wykazaly, Ze miR-222-3p hamuje proliferacj¢ 1 migracj¢ komérek EOC
oraz zmniejsza fosforylacje AKT. GNAI2 (G Protein Subunit Alpha I12) zostal
zidentyfikowany jako cel dla miR-222-3p i ma dzialanie promujace na proliferacje
komoérek EOC. Jest tez aktywatorem szlaku PI3K/AKT [83]. Zaobserwowano
nadekspresje miR-222-3p w tkankach nowotworowych niedrobnokomorkowego raka
ptuca. Zastosowanie inhibitora miR-222-3p prowadzito do zahamowania aktywnos$ci
nowotworowej — obnizeniu ulegata proliferacja komoérek, a jednoczesnie wzrastata ich
apoptoza. Z kolei nadekspresja miR-222-3p w komoérkach niedrobnokomérkowego raka
ptuc promowata proliferacj¢ komoérek i1 zmniejszata ich apoptoze. Badania wykazaly, ze
sktadnik wigzacy Bcl-2 jest jednym z genow docelowych dla miR-222-3p. Jego
wyciszenie ostabito regulacyjny wptyw inhibitora miR-222-3p na proliferacje¢ komorek

1 apoptoze w komorkach niedrobnokomorkowego raka ptuc [84].

Wyniki badan dotyczacych innych nowotworow rowniez wykazaty jego onkogenna rolg

w tkance nowotworowej, na przyktad w kostniakomigsaku lub raku ptuc [85, 86].

Poziom ekspresji miR-222-3p byl badany takze w egzosomach surowicy u pacjentek
z rakiem jajnika, a jego poziom byt zwigzany z nablonkowym rakiem jajnika (EOC).
Egzosomalny miR-222-3p jest skutecznym regulatorem polaryzacji makrofagow M2
promujacej guz [87]. U pacjentow z rakiem brodawkowatym tarczycy réwniez

wykorzystano egzosomy do badania ekspresji miR-222-3p 1 stwierdzono jego istotny
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wzrost u pacjentow z przerzutami do weztéw chtonnych [88]. Ponadto wykorzystano
surowic¢ jako materiat do badania poziomu ekspresji czterech miRNA, w tym
miR-21-5p 1 miR-222-3p, u pacjentow z niedrobnokomorkowym rakiem ptuc
1 wykazano, ze ma on dobrg warto$¢ diagnostyczng, zwtaszcza we wczesnym stadium
choroby [89]. Jednak rola klinicznego znaczenia miR-222-3p w EC nadal nie jest w petni

poznana, dlatego tez wybrano ja do naszych analiz.

2.3.3. MikroRNA 21-5p

Trzecim badanym mikroRNA jest hsa-miR-21-5p (miR-21-5p, miR-21). Ulega on
nadekspresji niemal we wszystkich nowotworach u ludzi [90]. Dziata jako onkogen
1 moze by¢ uzytecznym klinicznym biomarkerem i celem terapeutycznym. Jego poziom
wzrasta réwniez w raku endometrium. Sato i wsp. ocenili ekspresj¢ miR-21-5p
w komorkach guza EC 1 podscielisku oddzielnie. Zwigkszenie ekspresji miR-21-5p
w komorkach EC bylo istotnie zwigzane z wyzszym stopniem histologicznym
1 przerzutami do weztéw chionnych. Bylo réwniez istotnie zwigzane ze stabym
przezyciem bez progresji [91]. Ekspresja miR-21-5p moze by¢ powigzana
z zaawansowanymi stadiami klinicznymi, glgboka inwazja mig¢énia macicy i wysokim

stopniem histologicznym [92].

Wykazano rézne mechanizmy dziatania miR-21-5p. Jego onkogenna rola polega na
hamowaniu genu supresorowego FBXOII (ang. F-box protein 11), a nastgpnie na
hamowaniu apoptozy i zatrzymywaniu degradacji biatka [93]. Inny mechanizm polega na
bezposrednim ukierunkowaniu na 3'-UTR mRNA PTEN. Funkcjonalna inaktywacja

PTEN jest zwigzana z inicjacja 1 progresja raka endometrium [92].

Jak wspomniano wczes$niej, miRNA wigzg si¢ z docelowymi mRNA poprzez
komplementarno$¢ sekwencji 1 prowadzg do zahamowania translacji 1 destabilizacji
mRNA. Wiadomo, Ze na ten proces moga wplywa¢ IncRNA poprzez interakcje
IncRNA:miRNA. Przyktadem IncRNA jest MEG3 (ang. Maternally Expressed Gene 3),
ktory wplywa na ekspresje miR-21-5p [94, 95]. Innym przykladem interakcji
IncRNA:miRNA jest miR-21-5p 1 GAS5 (ang. Growth Arrest Specific 5).
Zaobserwowano zmniejszong ekspresje GAS5 w makrofagach zwigzanych z guzem

w raku endometrium. Jego rola przeciwnowotworowa polega na promowaniu fagocytozy,
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prezentowaniu antygenow i aktywowaniu cytotoksycznych limfocytow T. MiR-21-5p

jako onkogen hamuje supresyjny efekt GAS5 w komoérkach raka endometrium [96].

Inny mechanizm dziatania miR-21-5p zostat zbadany przez Li Xiao i wsp. 1 jest zwigzany
z niedotlenieniem komorek nowotworowych. W warunkach niedotlenienia komorki
nowotworowe wytwarzaja znacznie wiecej egzosomoOw niz komoérki w warunkach
normoksji. Niedotlenienie prowadzi do nadekspresji miR-21-5p w egzosomach.
Monocyty ulegaja przeksztatceniu w makrofagi polaryzujace typu M2 poprzez
dostarczenie egzosomalnego miRNA-21-5p. Przyktad ten moze stanowi¢ jeden
z mechanizméw ucieczki immunologicznej komodrek nowotworowych. MiR-21-5p moze
indukowa¢ potencjalny mechanizm tworzenia mikrosrodowiska immunologicznego
w progresji raka endometrium. Niedotlenienie jest zatem agresywng cecha raka
endometrium i cechuje si¢ nadekspresja miR-21-5p. Ten wzrost powoduje obnizenie
ekspresji PTEN i silny wzrost ekspresji genu L/CAM (ang. L1 Cell Adhesion Molecule),

co sprzyja inwazji komorek nowotworowych i przerzutom [97].

Nadmierna ekspresja miR-21-5p promuje réwniez przejscie nablonkowo-nabtonkowe.
Natomiast wyciszenie miR-21-5p odwrécito EMT w liniach komorek EC. Mechanizm
ten jest zwigzany z SRY-box 17 (SOX17) 1 jest skorelowany ze stabym przezyciem
u pacjentek z rakiem endometrium. SOX77 koduje 414-aminokwasowe biatko nalezace
do rodziny czynnikéw transkrypcyjnych HMG-box (SOX) zwigzanych z SRY.
Nadmierna ekspresja miR-21-5p znaczaco hamuje ekspresje biatka SOX17 w liniach
komorek raka endometrium. SOX77 ma dzialanie supresyjne, a jego nadmierna ekspresja
promuje przejscie nablonkowo-mezenchymalne, podczas gdy wyciszenie SOX17

indukuje EMT w liniach komoérek raka endometrium [24].

W innym badaniu potwierdzono hamujacy wpltyw miR-21-5p na PTEN. Ponadto
wykazano, ze miR-21-5p jest potencjalnym celem NBTA1 (ang. long noncoding RNA
neuroblastoma-associated transcript 1), co zostato potwierdzone przez test reporterowy
aktywnoS$ci lucyferazy. Badanie potwierdzito, ze nadekspresja miR-21-5p nie tylko
promowala proliferacj¢ i inwazje EC, ale takze hamowata apoptoz¢ poprzez mechanizm

blokowania NBTA1 w komodrkach EC [98].

Poziom ekspresji miR-21-5p badano rowniez w innych nowotworach, np. raku otrzewne;j

[99], raku ptuc [100], raku jelita grubego [101], raku piersi [102] i raku jajnika [103].

21



MiR-21-5p byt szeroko badany w surowicy u pacjentdw z réznymi nowotworami. W raku
jelita grubego wykazal nadekspresje w probkach surowicy i obnizenie ekspresji
u pacjentow w okresie pooperacyjnym. Jego nadekspresja byla skorelowana
z klasyfikacjg TNM (system oceny stopnia zaawansowania nowotworu) i przerzutami do
weztow chtonnych [104]. MiR-21-5p jest réwniez biomarkerem w wykrywaniu
1 prognozowaniu raka trzustki [105] 1 niedrobnokomdrkowego raka ptuc [106]. Wysokie
poziomy miR-21-5p w surowicy obserwowano roéwniez u chorych na raka gardta

srodkowego zwigzanego z zakazeniem wirusem Epsteina-Barr [107].

W raku piersi miR-21-5p wykazal jednak zmniejszong ekspresje i ograniczong warto$¢
diagnostyczng w przypadku choroby we wczesnym stadium. Niemniej jednak jego
zmniejszona ekspresja moze stuzy¢ jako biomarker w diagnostyce przerzutow raka

piersi [108].

Badanie roli i mechanizméw dziatania mikroRNA w raku endometrium ma istotne
znaczenie zardwno z naukowego, jak 1 medycznego punktu widzenia. Doglebne poznanie
procesow kancerogenezy moze przyczynic si¢ do opracowania skuteczniejszych strategii
terapeutycznych, zahamowania przerzutow nowotworowych oraz poprawy rokowania

1jakosci zycia pacjentek.
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3. Cele pracy

Podstawowym celem pracy jest poznanie zmian ekspresji wybranych mikroRNA

u pacjentek z EC.
Do celow szczegotowych pracy naleza:

1. Wykazanie zmiany ekspresji w tkance raka endometrium dla miR-205-5p,
miR-222-3p 1 miR-21-5p w porownaniu z tkankg endometrium w grupie
kontrolne;j.

2. Wykazanie zalezno$ci miedzy ekspresjg badanych miRNA a wskaznikiem masy
ciata oraz chorobami wspoélistniejgcymi u pacjentek z rakiem endometrium.

3. Wykazanie zwiazku ekspresji miRNA w rdéznych stopniach zaawansowania
1 zr6znicowania histopatologicznego nowotworu.

4. Potwierdzenie zmian ekspresji w surowicy u pacjentek z rakiem endometrium.

5. Ocena przydatnosci mikroRNA oznaczanego w surowicy jako mniej inwazyjnego
1 potencjalnie uzytecznego biomarkera w porownaniu z miRNA pochodzenia
tkankowego.

6. Zbadanie stabilnosci ekspresji SNORDA48 1 U6 w tkankach raka endometrium.
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4. Materiaty 1 metody
4.1.Grupa badana

Badanie zostalo przeprowadzone w dwoch etapach i objeto pacjentki hospitalizowane
w Klinice Ginekologii, Ginekologii Onkologicznej 1 Potoznictwa Szpitala
Uniwersyteckiego im. Fryderyka Chopina w Rzeszowie. Pacjentki zglaszaly si¢ do
szpitala w okresie od 03/2021 do 11/2022 w celu rozpoczgcia leczenia onkologicznego.
W pierwszym etapie analizowano ekspresj¢ wybranych mikroRNA w materiale
tkankowym pobranym od 111 pacjentek z histopatologicznie potwierdzonym rakiem
endometrium. Drugi etap badania objat 18 pacjentek z EC, ktore braly udziat réwniez
w pierwszym etapie. U tych samych kobiet oznaczono poziom ekspresji mikroRNA
W surowicy i pordwnywano z poziomem ekspresji w materiale tkankowym, co
umozliwito ocene¢ przydatnos$ci oznaczen z surowicy jako potencjalnie mniej inwazyjne;j
metody diagnostycznej. Grupg kontrolng w obu etapach stanowito 19 zdrowych kobiet
operowanych z powodu wypadania narzagdow miednicy mniejszej lub migsniakow
macicy, bez rozpoznania nowotworu. Zadna z pacjentek nie otrzymywata terapii

hormonalnej, radioterapii ani chemioterapii przed pobraniem probki.

Wszystkie kobiety wyrazity swiadoma zgod¢ na udzial w badaniu oraz na wykorzystanie
tkanek do badan genetycznych. Projekt uzyskat pozytywna opini¢ Komisji Bioetyczne;j
Okregowej Izby Lekarskiej (uchwata nr 54/B/2020 z dnia 21 maja 2020 r.).
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4.2 Metody
4.2.1. Izolacja mikroRNA z tkanki

Tkanki po pobraniu byty umieszczane w RNAprotect Tissue Reagent (Qiagen, Hilden,
Niemcy) w celu stabilizacji RNA, a nastepnie przechowywano je w temperaturze -80°C.
Izolacje catkowitego RNA, z frakcja mikroRNA, z tkanki nowotworowej wykonano przy
uzyciu zestawu miRNeasy Mini Kit (Qiagen, Hilden, Niemcy) zgodnie z protokotem
producenta. Tkanki byly rozmrazane na lodzie i przenoszone do probéwek zawierajacych
700 pl odczynnika do lizy QIAzol, a nast¢gpnie zostaly poddane homogenizacji przez
sonikacje. Kolejnym krokiem bylo dodanie chloroformu i wirowanie (15 min przy
12 000xg w 4°C). Faz¢ wodng zawierajacg catkowite RNA, w tym miRNA, przeniesiono
do nowych probowek 1 dodano etanol, nastgpnie cato$¢ zostata przeniesiona na kolumny
RNeasy MiniElute Spin Column. Do przeptukiwania kolumn zastosowano bufor do
plukania RWT, ktoéry zostal rozcienczony izopropanolem, wg zalecen producenta.
Podczas procedury oczyszczania przeprowadzono trawienie DNA przy uzyciu zestawu
RNase-free DNase (Qiagen, Hilden, Niemcy). Do elucji RNA uzyto 30 ul wody wolnej
od RNaz. Stezenie RNA zostato zmierzone przy uzyciu spektrofotometru NanoDrop™
2000c¢ (ThermoFisher Scientific, Waltham, MA, USA). Jako§¢ wyizolowanego RNA
oceniano przez rozdziat elektroforetyczny w 1% zelu agarozowym. Izolaty zostaty
rozcienczone do koncowego stezenia RNA wynoszacego 5 ng/ul i bezposrednio po

izolacji poddano je reakcji odwrotnej transkrypcji.
4.2.2. 1zolacja mikroRNA z surowicy

Po pobraniu krwi od pacjentek odwirowano ja dwukrotnie, a powstala surowice
przechowywano w temperaturze -80°C. Przed izolacja probki surowicy rozmrozono na
lodzie. Izolacj¢ miRNA wykonano z 400 pl surowicy przy uzyciu zestawu miRNeasy
Serum/Plasma Advanced Kit (Qiagen, Hilden, Niemcy) zgodnie z protokolem
producenta. Objetosci buforow dostosowano do wigkszej poczatkowej objetosci probek.
Na etapie izolacji do probek dodano po 1 pl kontroli spike-in, sg to wewngtrzne standardy,
dzieki ktorym istnieje mozliwo$¢ oceny poprawnosci przebiegu kolejnych etapow
doswiadczen. Po dodaniu buforu probki odwirowano, a gébrng wodng fazg zawierajaca
RNA przeniesiono do nowej probowki. Do supernatantu dodano izopropanol, aby

zapewni¢ odpowiednie warunki do wigzania si¢ czasteczek RNA (>18 nukleotydow)
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z membrang krzemionkowa. Calg probke przeniesiono na kolumny RNeasy UCP
MinElute, w kolejnym etapie poprzez ptukania usuni¢to zanieczyszczenia zwigzane
z btona. Do elucji RNA uzyto 20 ul wody wolnej od RNazy. MikroRNA bezposrednio po

izolacji poddano reakcji odwrotnej transkrypcji.
4.2.3. Odwrotna transkrypcja

Reakcje odwrotnej transkrypcji wykonano przy uzyciu zestawu miRCURY LNA Reverse
Transcription Kit (Qiagen, Hilden, Niemcy) zgodnie z zalgczonym protokotem.
MikroRNA zostalo najpierw poddane poliadenylacji za pomocg enzymu poli(A)
polimerazy, a nastgpnie przeksztatlcone do cDNA przy uzyciu starteréw oligo-dT
zawierajacych zdegenerowang kotwice 3', co umozliwia specyficzng amplifikacje
miRNA w reakcji PCR w czasie rzeczywistym. Proces poliadenylacji 1 odwrotnej
transkrypcji przeprowadzono jednoczesnie w jednej probowce. Sklad mieszaniny
reakcyjnej: 2 ul RNA, 2 pl 5% miRCURY SYBR ® Green RT Reaction Buffer,
1 pul 10x miRCURY RT Enzyme Mix, po 0,5 pul UniSp6 i miR-cel-39-3p, uzupetniono

woda do objetosci koncowej wynoszacej 10 pl.

e dla RNA wyizolowanego z tkanki uzyto10 ng RNA

e dla RNA wyizolowanego z surowicy uzyto 2 pl nierozcienczonego RNA

Reakcje RT przeprowadzono w 96-dotkowym termocyklerze T100™ (Bio-Rad,
Hercules, Kalifornia, USA) w nastepujacych warunkach: inkubacja w 42°C przez 60 min,
inaktywacja w temperaturze 95 °C, nast¢pnie cata mieszanina zostata schtodzona do 4°C.

Do czasu dalszego uzycia cDNA przechowywano w temperaturze -20°C.
4.2.4. Analiza poziomu ekspresji metodg dPCR

W badaniu zastosowano metode digital PCR (dPCR) z wykorzystaniem systemu
QIAcuity (Qiagen, Hilden, Niemcy) do bezwzglednego oznaczenia ekspresji wybranych
miRNA. Technologia ta opiera si¢ na podziale reakcji PCR na tysigce mikroprzedziatow
w specjalnych nanoptytkach, co umozliwia precyzyjng analiz¢ punktu koncowego
amplifikacji w kazdym z nich. Do obliczen stosowana jest statystyka Poissona, dzigki
czemu mozliwe jest doktadne okre$lenie liczby kopii czasteczek docelowych. Do analizy

uzyto zestawu miRCURY LNA miRNA PCR Assay (Qiagen) i 96-dotkowej ptytki
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Nanoplate 8.5K dla mikroRNA izolowanego z tkanki oraz 24-dotkowej plytki Nanoplate
26K dla mikroRNA izolowanego z surowicy. Oceniano bezwzgledng ekspresje
mikroRNA: hsa-miR-21-5p, hsa-miR-205-5p, hsa-miR-222-3p. Dodatkowo dla
mikroRNA wyizolowanego z tkanki uzyto kontrole referencyjne U6 snRNA i SNORDA48,
natomiast dla mikroRNA wyizolowanego z surowicy uzyto cel-miR-39-3p jako
egzogenny gen referencyjny. Przed wlasciwymi pomiarami przeprowadzono
optymalizacje stgzenia cDNA w celu uniknigcia przecigzenia nanopartycji i zapewnienia
wiarygodnos$ci wynikow. Optymalizacj¢ przeprowadzono oddzielnie dla kazdego
miRNA, analizujac zakres rozcienczen od 10-krotnego do 100-krotnego w stosunku do

materialu wyjsciowego.

Reakcje dPCR dla analizy poziomu miRNA wyizolowanego z tkanek przeprowadzono
w 12 pl mieszaniny reakcyjnej sktadajacej si¢ z 4 ul EvaGreen PCR Master Mix (3x),
1,2 pl starteréw miRCURY LNA PCR (10x) oraz 3 pl rozcienczonego cDNA (20-krotnie
dla miR-205-5p 1 miR-222-3p oraz 40-krotnie dla miR-21-5p, SNORD48 i U6). Probki
natozono do studzienek 96-dotkowej nanoptytki QIAcuity Nanoplate 8.5K, ktorg

nastepnie uszczelniono.

W  przypadku analizy poziomu miRNA wyizolowanego z surowicy reakcje
przeprowadzono w 40 ul mieszaniny reakcyjnej sktadajacej si¢ z 13,3 ul EvaGreen PCR
Master Mix (3%), 4 ul mieszanki starterow miRCURY LNA, 10 pl rozcienczonego cDNA
(1:20) oraz 12,7 ul wody wolnej od RNazy. Probki naniesiono na 24-dotkowg nanoptytke
QIAcuity Nanoplate 26K, ktora nastepnie uszczelniono.

Profil termiczny reakcji dla obu rodzajow probek obejmowal: denaturacje wstepna
w 95°C przez 2 minuty, nastgpnie 45 cykli po 95°C przez 15 sekund i 60°C przez
1 minute, koncowym etapem byto chtodzenie w 4°C przez 5 minut. Odczyt fluorescencji
wykonano w kanale zielonym, z parametrami czasu ekspozycji 500 ms i wzmocnienia 6.
Fluorescencj¢ mierzono po zakonczeniu wszystkich cykli. Poziomy ekspresji badanych
miRNA okre§lono na podstawie liczby kopii miRNA w probce, wykorzystujac

oprogramowanie QIAcuity Software Suite w wersji 2.1.8 (Qiagen, Hilden, Niemcy).
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4.2.5. Analiza statystyczna

W nastepnej kolejnosci dokonano analizy statystycznej wynikéw uzyskanych z materiatu
tkankowego dla nastepujacych podgrup: tkanka — tylko grupa badana, tkanka — tylko
grupa kontrolna, jak réwniez surowica — grupa badana i1 surowica — grupa kontrolna.
Ekspresje miRNA kwantyfikowang metodg dPCR przeksztatcono logarytmicznie, aby
uzyska¢ normalny rozktad danych. Nastepnie oceniono analize¢ stabilnosci miRNA przy
uzyciu NormiRazor. Jest to narzedzie, ktore implementuje trzy rdézne istniejace algorytmy
normalizacyjne — geNorm, NormFinder i BestKeeper [109]. Pierwotnie oszacowane
snRNA U6 i SNORD48 okazaly si¢ niestabilne, dlatego dane nie zostaty znormalizowane
przez te miRNA. Takie podejscie skutkuje wyzszymi warto§ciami logarytmu dla wyzszej
ekspresji miRNA, umozliwiajac prosta interpretacje biomarkeréow. Dane kliniczne
1 analiz¢ r6znicowej ekspresji dla zmiennych ilo$ciowych przeprowadzono przy uzyciu
niezaleznego testu ¢, festu t Welcha oraz testu U Manna-Whitneya lub testu Kruskala-
Wallisa, w zalezno$ci od rozkladu zmiennych i1 réwno$ci wariancji testowanych

odpowiednio testem Shapiro-Wilka i testem Levene’a.

W przypadku zmiennych jako$ciowych zastosowano test chi*> z korekt Yate’a
i doktadnym testem Fishera, gdy bylo to konieczne, w zaleznosci od wielko$ci proby.
Jednowymiarowa analiza regresji logistycznej zostala uzyta do oceny wplywu
poszczegblnych czynnikéw na wystepowanie raka endometrium. Nastgpnie statystycznie
istotne zmienne zidentyfikowane w analizie jednowymiarowej zostaly uwzglednione

w wielowymiarowym modelu regresji logistycznej.

Celem kontroli wspolczynnika falszywych odkry¢ zwigzanych z wielokrotnymi
poréwnaniami  zastosowano  metod¢  Benjaminiego-Hochberga.  Sparowany
test ¢ zastosowano do oceny roznic mi¢dzy stezeniem miRNA w surowicy i tkance. Test
korelacji rang Spearmana zastosowano do oceny korelacji migdzy stezeniem miRNA
w surowicy 1 tkance. Jednowymiarowa analiza regresji logistycznej zostata zastosowana
do oceny wplywu okreslonych czynnikow na wystepowanie EC. Zmienne uznane za
istotne ~w  analizie jednowymiarowej  zostaly  nastepnie = uwzglednione

w wielowymiarowym modelu regresji logistycznej.

Zmienne nominalne przedstawiono jako liczby i procenty lub jako mediang (wraz

z zakresem lub rozstepem kwartylowym) i $rednig (wraz z odchyleniem standardowym),
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w zaleznos$ci od normalnos$ci ich rozktadu. Warto$ci p mniejsze niz 0,05 uznano za
istotne. Analiz¢ statystyczng przeprowadzono przy uzyciu pakietu Statistica 13.1 (Tibco,

Palo Alto, CA, USA) i wersji R 4.2.1.
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Abstract: Endometrial cancer is one of the most common cancers in developing and developed
countries. Although the detection of this cancer is high at the early stages, there is still a lack
of markers to monitor the disease, its recurrence, and metastasis. MiRNAs are in charge of the
post-transcriptional regulation of genes responsible for the most important biological processes,
which is why they are increasingly used as biomarkers in many types of cancer. Many studies have
demonstrated the influence of miRNAs on the processes related to carcinogenesis. The characteristics
of miRNA expression profiles in endometrial cancer will allow their use as diagnostic and prognostic
biomarkers. This paper focuses on the discussion of selected miRNAs based on the literature and
their role in the development of endometrial cancer.

Keywords: miRNA; endometrial cancer; epigenetics; carcinogenesis

1. Introduction
1.1. Endometrial Cancer

Endometrial cancer (EC) was diagnosed in 417,367 women worldwide in 2020, with
the highest burden of the disease recorded in North America and Western Europe. The
incidence of EC is rapidly increasing. As of 2020, uterine cancer is the fourth most common
female cancer in Europe, with an incidence of 12.9-20.2 per 100,000 women and a mortality
rate of 2.0-3.7 per 100,000 women [1]. The high incidence rate in North America and
Western Europe can be attributed to the high prevalence of lifestyle risk factors for EC,
such as high standard of living, aging population, and obesity, which are associated with
approximately 50% of EC cases [2].

In the historical morphological division (according to Bokhman’s dualistic theory),
EC was classified as type I, the so-called endometroid, which is associated with excessive
estrogen stimulation, develops on the basis of endometrial hyperplasia, is more common,
and has a favorable prognosis. Type II (non-endometrioid) unrelated to estrogen stimulation
has a poor prognosis. Type Iincludes stage I or IT endometrioid adenocarcinoma, while type
II EC includes stage Il endometrioid adenocarcinoma, serous, clear cell, undifferentiated,
and carcinoma [3]. The Cancer Genome Atlas (TCGA), introduced molecular profiling in
2013, which indicates a paradigm shift from morphological to molecular classification [4].
The TCGA studies identified four molecular subgroups characterized by the POLE mutation
(POLEmut group), microsatellite instability (MSI group), which arises from MMRD, high
somatic copy number changes (driven by the TP53 mutation, also called p53abn group),
and a low number of copies without a specific molecular profile (NSMP group), each
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with a separate prognosis [4]. POLEmut tumors, despite their aggressive appearance,
have an extremely favorable prognosis, while the group with a high copy number driven
by the TP53 mutation has an unfavorable prognosis. The prognosis of tumors with a
mismatch repair deficiency (MMRd) and those without a specific molecular profile (NSMP)
is relatively favorable [5,6].

The basic treatment of endometrial cancer is surgery and, possibly, subsequent
chemotherapy, radiotherapy, and chemoradiotherapy [5,7,8]. The risk of endometrial
cancer recurrence is also present in very low-risk cases and is 2.9% within the first 3 years
after the end of treatment [9]. Therefore, it is necessary to study the molecular mechanisms
in the pathogenesis of endometrial cancer in order to discover new therapeutic methods.

1.2. MicroRNAs

The non-coding molecules play a particular role in the regulation of gene expression.
The group of regulatory non-coding RNAs includes transport RNA (tRNA), ribosomal RNA
(rRNA), antisense RNA (asRNA), microRNA (miRNA), small nuclear RNA (snRNA), small
nucleolar RNA (snoRNA), competing endogenous RNA (ceRNA), and piwi-interactive
RNA (piRNA) [10].

MiRNAs are a particularly interesting group in terms of regulation of gene expres-
sion. They were discovered in 1993 and are non-coding, single-stranded, small RNA
molecules about 19-25 nucleotides long. The first ones to be described were small RNA
molecules encoded by the lin-4 gene, which regulates the expression of the lin-14 protein in
Caenorhabditis elegans by Lee et al. [11].

MiRNA formation begins in the cell nucleus where polymerase IT (Pol II) transcribes
the pri-miRNA. Pri-miRNA is trimmed by the DROSHA complex and DGCRS proteins to
pre-miRNA. Then, the pre-miRNA is exported by Exportin 5 to the cytoplasm [12]. In this
transport, Exportin 5 interacts with the Ran protein. In the cytoplasm, a miRNA duplex
is formed from the pre-miRNA, which then separates into two mature single-stranded
miRNAs. This process takes place with the participation of DICER and Argonaute 2
(AGO2) [13,14].

MiRNAs function as components of a ribonucleoprotein complex called miRISC
(microRNA-induced silencing complex) [15]. Mature miRNA molecules, embedded in
miRISC complexes, have the ability to bind to the 3’ untranslated regions (3'UTR) of the
mRNA of the target gene. As a result of full nucleotide complementarity, they can lead to
transcript degradation. In most cases, miRNAs are usually imperfectly complementary
to their target gene and modulate the effect on gene expression via translational repres-
sion [16]. The mechanism of action of miRNAs involves binding to a sequence within the
RNA-induced silencing complex (RISC), and then gene regulation through translational re-
pression, mRNA degradation, poly(A) tail shortening, and removal of the 5'7-methylguanyl
cap [17].

MiRNAs are involved in various cellular functions including proliferation, migration,
invasion, and the epithelial-mesenchymal transition (EMT) process. EMT is an important
process where epithelial cells lose cell-cell contact and undergo a gradual transformation
from an epithelial to a mesenchymal phenotype, which includes, i.e., cytoskeletal remodel-
ing and migratory activity [18]. MiRNAs affect genome instability, regulate metabolism,
and influence the apoptosis process of tumor cells; in addition, they also play a role in
angiogenesis and immune escape of cancer [19-23]. They may also regulate gene expression
within the cell or may be released outside the cell. This leads to the regulation of gene
expression in neighboring cells. Therefore, they are regulators of a complex network of
processes occurring in the tumor microenvironment [24]. For instance, the let-7 family acts
as a regulator of normal cell differentiation and proliferation and inhibits the growth of
cancer cells. Let-7 levels are crucial for development cells and act directly on RAS genes
via LIN28 [25]. Masood N. et al. have reported mutual inhibition of let-7 and LIN28, but
let-7 also inhibits IL-6 in embryonic cells, resulting in high levels of NFKB. NFKB together
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with c-Myc has a stimulating effect on the formation of higher levels of LIN28 in cells. This
increase in LIN28 then leads to a marked decrease in let-7 [26].

During carcinogenesis, the miRNA expression profile is significantly dysregulated.
This is the result of many changes, including amplification and deletion of genes or epi-
genetic abnormalities. Moreover, miRNA expression is deregulated in cancer as a result
of defects in their biogenesis machinery, including DICER and DROSHA [17,27]. Overex-
pressed miRNAs in cancers can function as oncogenes and promote cancer development
through downregulated tumor suppressor genes or genes that control cell differentiation
or apoptosis. Underexpressed miRNAs can function as cancer suppressor genes and can
inhibit cancers by regulating oncogenes or genes that control cell differentiation or apopto-
sis [28]. Such examples are miR-181a, miR-181b, and miR-181c, which are downregulated
in glioma [29], while miR-181a and miR-181b are overexpressed in patients with acute
lymphoblastic leukemia (ALL) [30].

In addition, they are involved in the regulation of cancer-related signaling pathways,
including the JAK/STATS3 transcription pathway [31], the NF-KB pathway [32], and the
MAPK/ERK pathway [33]. They may also affect other miRNAs and may be subject to
mutual regulation of miRNAs: miRNAs [34].

MiRNAs can be regulators of the above processes, but they can also be regulated by
such molecules as circular RNAs, long ncRNAs, or pseudogenes. CircRNA molecules act
as ”sponges” for miRNA and thus regulate the amount of free miRNA. They are post-
transcriptional regulators of gene expression regulation. A single circRNA molecule can
bind to several miRNAs [35,36].

Currently, miRNAs are attractive candidates for therapeutic targets in the treatment of
malignancies. Therefore, identifying their targets is essential for cancer research. They are
used to assess response to treatment. MiRN As have also been found to induce chemore-
sistance in various cancers [37]. A relationship has also been found between miRNA
expression and response to treatment, for example, in breast cancer, miRNA-205 was upreg-
ulated in tamoxifen resistance cells MCF-7/TAMR-1 (M/T) and M/T cell-derived exosomes
(M/ T-Exo) [38]. In lung cancer, the relationship between miRNA levels and cisplatin re-
sistance has also been demonstrated, and miR33b-3p, miR-425-3p, miR-124, miR-295-5p
are overexpressed, while miR-98, miR-26a, miR-107 or miR-17 [39]. In advanced colorectal
cancer, resistance to FOLFOX (5-fluorouracil, leucovorin, and oxaliplatin) has been shown
to correlate with miR-19a overexpression [40]. A similar situation occurs when treating
patients with advanced CRC with anti-VEGF or anti-EGFR inhibitors, e.g., overexpression
of miR-126 has been correlated with resistance to bevacizumab [41].

The phenomenon of chemoresistance also occurs in endometrial cancer. MiR-222-3p
has been shown to increase raloxifene resistance by suppressing Era expression in cancer
cells. MiR-222-3p may be a potential target for restoring ERc expression and response to
antiestrogen therapy in the EC. With the upregulation of miR-222-3p, RL95-2 cells were
less sensitive to raloxifene. In contrast, AN3CA cells were more sensitive after miR-222-3p
inhibition [42].

An interesting direction of research is resistance to cisplatin. Cisplatin has been used in
the treatment of various cancers as an effective chemotherapeutic agent for several decades.
Wang et al. showed that overexpression of miR-135a increased the survival of endometrial
cancer cells after cisplatin treatment. And the decrease in miR-135a expression reduced the
survival of endometrial cancer cells after cisplatin treatment. Researchers indicated that
miR-135a regulated cisplatin resistance in EC cells. The expression level of miR-135a was
associated with cisplatin-induced apoptosis in EC cells. These findings suggest that miR-
135a may affect the chemosensitivity of endometrial cancer cells to cisplatin treatment [43].

The most commonly used material for miRNA detection is tissue obtained during
surgery. They can also be detected in blood, serum, urine, and other body fluids [44,45].
The method of using blood collection instead of abrasion of the uterus is much easier and
carries a lower risk of complications, such as uterine infection. In the future, miRNA profile
analysis may be included in routine blood tests for endometrial cancer screening in the
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general population. This is of great importance, especially for patients living in places with
difficult access to health care.

2. MicroRNAs in Endometrial Cancer Patients
2.1. The Process of Carcinogenesis

The development of endometrial cancer is a complex process involving multiple
oncogenes and tumor suppressor genes, although the molecular mechanisms are not clear.
In recent years, many studies have been conducted on the expression and function of
miRNAs in endometrial cancer [46—49]. Cancer progression involves several key steps
(Figure 1), including primary tumor growth, migration, and local invasion, transendothelial
migration of cancer cells into vessels known as intravasation, survival in the circulatory
system, extravasation, and niche formation (pre-metastatic niche). This is followed by the
recruitment of tumor-promoting immune cells and metastasis. Each stage of carcinogenesis
is regulated by many miRs (Table 1).

7 ®®
e @

Tissue surrounding a cancerous tlumor

Blood
vessels

Distant
tissues

Figure 1. Stages of cancer progression: 1. Primary tumor growth. 2. Migration and local invasion.
3. Transendothelial migration of cancer cells into vessels 4. Survival in the circulatory system.
5. Extravasation. 6. Pre-metastatic niche formation.

Table 1. miRNAs of significance for the individual stage of carcinogenesis.

Primary Tumor Growth

miR-15/16

The miR-15/16 family is a highly expressed tumor suppressor group that targets a
large network of genes in T cells to limit their cell cycle, memory formation, and
survival. Once activated, miR-15/16 T cells are downregulated, allowing rapid

{ expansion of differentiated effector T cells to mediate a sustained immune response.
MiR-15/16 deficiency alters Treg expression of critical functional proteins, including
FOXP3, IL2Re/CD25, CTLA4, PD-1, and IL7R/CD127, and results in the
accumulation of functionally impaired FOXP3loCD25loCD127hi Tregs [50].

miR-17/91

Involved in immune regulation, three clusters of the miR-17/92 family collectively
T suppressed IL-12 production in macrophages, and miR-17/92 acts through PTEN to
inhibit IL-12 expression by modulating the PI3K-Akt-GSK3 pathway [51].

miR-34

It is involved in the regulation of the cell cycle and apoptosis through p53
i; signaling [52]. It acts as a tumor suppressor through DNA methylation in both
epithelial and hematological malignancies [53].

miR-181a

It can interact with H3F3B, ATM, CCDC6, TAM15, RAS, and PLAGI to promote cell
proliferation [54].

miR-200

8 Targets ZEB1 and blocks the epithelial-mesenchymal transition [55].
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miR-211 Targets mRNAs: POU3F2, ZCCHC24, PRLR, ITPR1, and CHRDL1 [56].
miR-222 Targets tumor suppressors PTEN and TIMP3. Targets MMP-2 i MMP-9 [42,57].
Acting through Lin28, it targets RAS genes. Overexpression of let-7 leads to a decrease
in RAS production, accelerating the cell cycle, angiogenesis, and cell adhesion.
Let7 Therefore, under normal conditions, miR let-7 acts as a tumor suppressor gene and

inhibits the activation of oncogenes that can lead to the formation of cancer
cells [26,58].

Migration and local invasion

miR-9

MiR-9, which is upregulated in breast cancer cells, targets CDH1, the mRNA encoding
E-cadherin, leading to increased cell motility and invasiveness. The miR-9-mediated
downregulation of E-cadherin causes activation of B-catenin signaling, which
contributes to the upregulation of growth factor gene expression [59].

miR-10b

It increases invasion, migration, and proliferation and inhibits apoptosis in the EC [60].
It targets HOXB3 [61].

miR-21

Overexpression of miR-21-5p promoted epithelial to mesenchymal transition. It works
through SOX17 [62].

miR-29¢

It affects the expression of HBP1, ITGB1, MCL1, MDM2 and SGK1 [63].
Overexpression of miR-29¢ reduces COL4A1 production in endometrial cells [64].

miR-34a

Inverse correlation between miR-34a and LICAM protein expression. A decrease in
miR-34a and an increase in LICAM are associated with poor [65]. MiR-34a is
downregulated in endometrial cancer tissues and is negatively correlated with Notch1
expression [66].

miR-103

Overexpression of miR-103 promotes EC cell proliferation. It works through ZO-1 and
triggers its downward adjustments. There is an inverse correlation between ZO-1 and
miR-103 [67].

miR-107

MiR-107-5p downregulated Erac mRNA and protein expression [68].

miR-135a

MiR-135a can regulate the epithelial-to-mesenchymal transition (EMT) by altering the
expression of E-cadherin and N-cadherin. MiR-135a promotes endometrial cancer cell
proliferation by regulating PTEN. Expression levels of PTEN and p-AKT in
endometrial cancer cells decreased after miR-135a overexpression [43].

miR-135b

Upregulation of miR-135b significantly reduced FOXO1 protein and mRNA
expression, promoting EC proliferation [69].

miR-145

MiR-145 expression is lower in EC tissues than in neighboring tissues. MiR-145
inhibits SOX11. MiR-145 targets site 3 (3615) of SOX11 3'UTR to affect SOX11
expression [70].

miR-148b

Downregulation of miR-148b induced endometrial EMT of the tumor cell as a result of
alleviating DNMT1 suppression [71].MiR-148b regulates the expression of
endoplasmic reticulum metalloprotease 1 (ERMP1) [72].

miR-155

It impairs the functioning of dendritic cells in endometrial cancer which play an
important role in the activation of anticancer immune responses. It acts via the
p38MAPK14 pathway [73].

miR-214-3p

MiR-214-3p is downregulated and TWIST1 is upregulated in EC tissues and cells.
Overexpression of miR-214-3p suppressed migration, invasion, and EMT in EC cells
[74].A decrease in miR-214-3p is associated with an increase in NEAT1, HMGAT1, and
B-catenin [75].

miR-223

MiR-223 modulates the inflammatory response by directly targeting genes mediating
signal transduction, including those present in the canonical NF-kB pathway [76].

miR-340

MiR-340-5p is downregulated in the EC compared to adjacent normal tissues. In vitro,
miR-340-5p inhibited the migratory capacity of EC cells by downregulating MMP-3
and MMP-9 and prevented TGF-«l-induced EMT by p-eIF4E [77].
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Transendothelial migration of cancer cells into vessels

miR-21

1

It inhibits the suppressive effect of FBXO11 (a member of the F-box subfamily lacking
a clear unifying domain) [78].

miR-105

It targets the ZO-1 protein. In endothelial monolayers, exosome-mediated transfer of
tumor-secreted miR-105 effectively disrupts the tight junctions and integrity of these
natural barriers to metastasis. Overexpression of miR-105 in non-metastatic cancer
cells induces metastasis and vascular permeability in distant organs [79].

miR-126

It is a tumor suppressor and its growth can downregulate VEGF to inhibit EC cell
invasion and migration [80].Its decrease correlates with high levels of Lnc-ATB, which
induced accelerated tumor growth by regulating the miR-126 PIK3R2 target gene and
Sox2-related apoptosis.In the tested RL95 and HEC1A cell lines, the downregulation
of Lnc-ATB resulted in the upregulation of miR-126. There was an impairment of cell
viability, an increase in caspase-3-related tumor apoptosis, and G1/S arrest [81].

Survival in the circulatory system

miR-26a

1

Increased peritumoral lymphoid endothelial hyaluronan receptor-1 (LYVE-1) density
in LNM patients was negatively associated with the level of miR-26a-5p in primary
lesions, indicating that down-expression of miR-26a-5p can induce LNM EC [82].

miR-141

PPPIR12A and PPP1R12B are targeted and degraded. Both are members of the
myosin phosphatase (MYPT) targeting protein family [83].

miR-145-3p

MiR-145 participates in M2 macrophage polarization by targeting IL-16 and
upregulating IL-10 [84].

miR-181-a

MiR-181a and miR-181b increased the expression of PECAM-1 mRNA and protein
and VE-cadherin accompanying the differentiation of human embryonic stem cells
into vascular endothelial cells [85]. By acting on VE-cadherin, it disrupts the barrier in
endothelial cells [86].

miR-424

MiR-424 has a protective role in various types of cancer including endometrial cancer,
upregulation of miR-424 inactivated PI3K/AKT signaling mediated by G-1
protein-coupled estrogen receptor (GPER) in endometrial cancer. Moreover, the
luciferase report confirmed the targeting reaction between miR-424 and GPER [87].

Extravasation

miR-7

Through the downregulation of the PI3K and MAPK pathways, its dominant role is to
inhibit proliferation and survival, stimulate apoptosis, and inhibit migration [88].

miR-21

It inhibits the expression of the SOX17 protein and promotes
epithelial-to-mesenchymal transition (EMT) [62].

miR-31

MiR-31 acts as an oncogene in endometrial cancer by suppressing the hippopotamus
pathway. MiR-31 significantly suppressed mRNA luciferase activity in conjunction
with the LATS2 3'-UTR and consequently promoted the translocation of YAP1, a key
molecule in the Hippo pathway, into the nucleus [89]. MiR-31 is a master regulator of
integrins as it targets multiple partners of the « subunits (a2, a5, and V) of 1
integrins as well as 33 integrins, inhibiting cell proliferation in a ligand-dependent
manner [90].

miR-155

Targets are MLH1, MSH2, and MSHS6 [91].

miR-182

Promotes cancer cell migration and invasion by inhibiting MBNL2 expression [92].

miR-214

Targets are PTEN/ AKT, B-catenin, and tyrosine kinase receptor pathways. MiR-214
also regulates the levels of key modulators of gene expression: the epigenetic
repressor Ezh2, p53 ”genome guardian”, the transcription factors TFAP2 and another
miRNA, miR-148b. Thus, miR-214 seems to play an important role in coordinating
tumor proliferation, stem, angiogenesis, invasiveness, extravasation, metastasis,
chemoresistance, and microenvironment [93].
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Pre-metastatic niche formation

Member of the highly conservative miR-17-92 cluster [94]. The miR-17/miR-20a seed
family is responsible for this anti-aging activity [95]. MiR-19a activates the

miklda g mammalian protein kinase B (AKT) rapamycin (mTOR) pathway, thereby functionally
antagonizing PTEN to promote cell survival [96].

miR-126 + The target is VEGF. It increases the rate of migration and invasion of EC cells [80].
MiR-133a is a suppressor. The miR-1/133a cluster directly regulates PDE7A in EC

miR-133a (8 cells. PDEs are enzymes that regulate the cellular levels of cAMP and cGMP second
messengers by controlling their rate of degradation [97].

miR-503 4 It plays a tumor suppressor role by targeting CCND1 [98].

T Upregulation; | Downregulation.

2.2. Risk Factors and Prognostic Factors

Risk factors for EC include genetic predisposition to Lynch syndrome and Cowden
syndrome, polycystic ovary syndrome (PCOS), use of tamoxifen, infertility, diabetes, and
obesity [99-101]. On the other hand, prognostic factors for EC include the patient’s age,
stage of endometrial cancer, involvement of lymph nodes, and lymphatic space (LVSI) [102].

2.2.1. Polycystic Ovary Syndrome (PCOS)

PCOS is the most common endocrine disorder among young women of reproductive
age. It is characterized by rare or absent ovulation and hyperandrogenism. In patients with
PCOS, other factors of endometrial cancer are often diagnosed, such as diabetes, obesity,
and nulliparous status [103]. MiRNAs have been studied in patients with polycystic ovary
syndrome (PCOS) [104]. This is a large group of mostly young women. The worldwide
prevalence of PCOS ranges from 4-21% [105]. Obesity with or without concomitant diabetes
often coexists in these women [106]. Many abnormalities and overexpression of many
miRNAs have been found in them. It has been discovered that changes in their expression
occurring in PCOS are also often associated with metabolic syndrome, which includes
hypertension, dyslipidemia, central obesity, and impaired glucose tolerance [107].

PCOS increases the risk of developing endometrial cancer 2.7 times. It has been shown
that women with PCOS also change the level of miRNAs, e.g., miR-27a-5p, the level of
which is increased in serum-derived exosomes. MiR-27a-5p plays a role in EC cell migration
and invasion by regulating SMAD4 [108].

2.2.2. Obesity and Diabetes

Altered expression patterns of miRNAs are not only associated with cancer develop-
ment but also with comorbidities that are common in patients with EC. These diseases
include obesity, type 2 diabetes, and cardiovascular diseases [109]. They are risk factors
for many cancers, including endometrial cancer. Another important risk factor in EC
carcinogenesis is excessive estrogenic stimulation of the endometrium with a simultaneous
lack of progesterone effect. This is the case with polycyclic ovary syndrome (PCOS), obesity,
functional tumors, and iatrogenic use of estrogens [103,110,111]. Serum miRNA levels were
abnormal in obese women or women with type 2 diabetes, data are summarized in Table 2.

Table 2. MiRNA changes in obese women.

miR-17 [112]
miR-152 [112]
Upregulation miR-205 [113]
miR-376a [114]
miR-548ag [115]
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miR-15b [116]
miR-17 [117]
Downregulation miR-138 [112]
miR-150 [118]
miR-593 [112]

2.2.3. Aging of the Body

Aging is a natural and multifactorial phenomenon characterized by the accumulation
of degenerative processes, which in turn are underpinned by multiple changes and damages
in molecular pathways [119,120]. Despite many theories that have been proposed to explain
the phenomenon of aging, none has been able to fully explain the mechanisms that drive
the underlying process so far [120]. MiRNA expression also changes with the age of
patients [121]. Some of these were downregulated in long-lived individuals, such as let-7,
miR-17, and miR-34 (known as longevity miRNAs). They are conserved in humans and
probably promote life extension. Conversely, they are upregulated in age-related diseases
such as cancer [122]. MiR-151a-3p, miR-181a-5p, and miR-1248 are downregulated with
age [120,123]. In contrast, miR-21 and miR-23a expression increases in middle-aged humans
and decreases in advanced age [124].

2.2.4. Involvement of the Lymph Nodes Metastasis

One of the most important prognostic factors used to determine the stage of EC
and possible adjuvant treatment is the presence of neoplastic cells in the lymph nodes.
Lymphadenectomy is associated with significant surgical and postoperative risks. The
use of sentinel lymph node mapping (SLNM) has emerged as an alternative method for
total lymphadenectomy in the EC [125]. However, controversy remains over the use
of SLNM in high-risk diseases and its false-negative rate (3%) [126]. Reliable SLNM
mapping requires surgeons and institutions to be equipped with appropriate knowledge
and skills. In addition, SLNM mapping is performed during the operation. It is also worth
remembering that the involvement of lymph nodes may also engage paraaortic nodes.
Isolated involvement of the paraaortic nodes in patients without pelvic nodal metastases
was only 1% [127]. Therefore, finding pre-operative methods that can accurately identify
LNM (lymph node metastasis) would be of great clinical value. MiRNA mapping may
prove to be such a way. A correlation of miRNAs depending on the presence of relapses in
lymph nodes has been demonstrated. Table 3 summarizes the above data.

Table 3. MicroRNAs changes in metastatic lymph nodes.

miR-21 [128]
miR-107-5p [68]
Upregulation miR-429 [129,130]
miR-501 [131]
miR-576-5p [132]

miR-24b-5p [133]
miR-26a-5p [82]
miR-34a [65,66]
miR-34b-5p [134]
Downregulation miR-34c¢-3p [134]
miR-34c-5p [134]
miR-148b [71]
miR-204-5p [126]
miR-505 [135]
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2.2.5. The Impact of miRNA Changes on Survival and Recurrence in Patients with
Endometrial Cancer

Mortality related to endometrial cancer continues to increase [136]. Although most
patients with endometrial cancer have a tumor confined to the uterus that is treated by
hysterectomy with or without adjuvant therapy, the advanced disease has a poor progno-
sis [137]. Although early-stage endometrial cancer is associated with a favorable 5-year
relative survival rate (96%), the rate is only 18% in patients with distant metastases [138].
Patients with an increase in the recurrence-free period were examined and changes in
microRNA levels were also found here (Table 4).

Table 4. MicroRNA changes occurring in patients with good prognosis, with long PFS (progression-
free survival).

miR-29b [139]
miR-126 [81]
miR-148b [71,72]
miR-152 [140,141]
Upregulation miR-199a-5p [133]
miR-214-3p [74]
miR-340-5p [77]
miR-455-5p [133]
miR-505 [135]

Downregulation miR-429 [129]

On the other hand, the factors associated with shortening the recurrence-free period
are a high expression of miR-21 [128] or miR-205 [142].

Changes in miRNA expression levels are clearly visible in tumor tissue but can also be
seen in plasma/serum. In patients with endometrial cancer, two groups—increased and de-
creased expression—were distinguished. Disorders of miRNA expression in plasma/serum
are summarized in Table 5. Such studies are particularly important due to the ease of
obtaining material for research.

Table 5. Serum miRNA changes in patients with endometrial cancer.

Upregulation miR-15a-5p [143]
miR-20b-5p [144]
miR-27a [145]
miR-106b-5p [143]
miR-107 [143]
miR-143 [44,144]
miR-143-3p [144]
miR-150-5p [145]
miR-186 [146,147]
miR-195-5p [144]
miR-200a [146]
miR-203 [146]
miR-204 [146]
miR-204-5p [144]
miR-222 [146,147]
miR-223 [146,147]
miR-423-3p [144]
miR-449 [146]
miR-484 [144]
miR-887-5p [148]
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Downregulation miR-16 [44]
miR-99b [44]
miR-125 [44]
miR-145 [44]
miR-204 [147]

3. Overview of Selected microRNAs
3.1. MiR-205

Multiple studies have shown that miR-205 is overexpressed in the EC compared
to normal endometrial tissues. It was previously reported that miR-205 upregulation
was significantly correlated with advanced disease stage, relapse incidence, and poor EC
survival rates [142,149]. MiR-205 is involved in regulating the expression of PTEN, which
is the most common mutated tumor suppressor gene [150,151]. This mutation is also found
in endometrial cancer and accounts for 25-83% of cases [152]. PTEN performs an important
inhibitory function by promoting apoptosis and proliferation. Its deletion or mutation leads
to carcinogenesis. Zhang et al. observed that miR-205 was significantly upregulated in the
Ishikawa cell line compared to normal endometrium [153]. MiR-205 interacted directly
with the 3/-UTR region of the PTEN gene. Overexpression of miR-205 decreased PTEN
mRNA and protein levels in Ishikawa cells. Zhang et al. further reported that miR-205
blocked PTEN translation and activated the AKT pathway. Constitutive activation of AKT
contributes to tumor progression and regulates several downstream targets (e.g., TP53
and BCL-2). Downregulation of miR-205 expression is followed by decreased levels of
p53 protein and increased levels of BCL-2 protein. Since the TP53 and BCL-2 genes are
involved in cell growth, apoptosis, and proliferation, these results provide the basis for
further research into the role of miR-205 in EC cells. Also, the rate of cell apoptosis can be
inhibited by miR-205. MiR-205 acts as an oncogene and inhibits cellular apoptosis in the
EC by targeting the PTEN/AKT pathway [153].

It should also be noted that miR-205 plays an important role in the migration and
invasion of endometrial cancer. This mechanism is based on the targeting of miR-205 to the
AKT pathway.

Inhibition of E-cadherin expression and promotion of Snail expression by activat-
ing AKT and downregulation of glycogen synthesizing kinase 33 were associated with
overexpression of miR-205. The molecular mechanism of action of miR-205 regulating
the epithelial-mesenchymal transition (EMT) by activating AKT signaling in endometrial
cancer cells in the HEC-50B and HEC-1-A cell lines was described by Jin C. et al. [154].

In addition, several studies have reported that miR-205 inhibits the tumor suppressor
gene JPH4, promoting tumorigenesis and progression [46].

3.2. MiR-34

The miR-34 family has three members, i.e., miR-34a, miR-34b, and miR-34c. MiR-34a, b,
and c are encoded by two different transcription units. MiR-34a is located on chromosome
1p36.22 and has a unique transcript, while miR-34b and miR-34c share one transcript that
is located on chromosome 11q23.1 [155].

MiR-34 is a direct target of the tumor protein p53 (TP53), a tumor suppressor gene that
causes cell cycle arrest and apoptosis when activated under cellular stress. Inactivation of
P53 can result in a cellular environment that contributes to oncogenesis [52].

It was shown that miR-34c acted as a tumor suppressor in human endometrial carci-
noma 1b (HEC-1b) with the E2F3 transcription factor being one of its targets [156].

Reduced miR-34 expression is a negative prognostic factor for serous endometrial
cancer and is strongly associated with LVSI. These data reinforce knowledge about the
miR-34 family (miR-34a, b, and c), which appears to act as a tumor suppressor [157].

The miR-34 family acts as a negative regulator of cancer-related EMT and plays a large
role in suppressing carcinogenesis and delaying tumor progression. As an excellent tumor
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suppressor, miR-34a is a cancer therapy agent. Many studies have been conducted on
miR-34a and verified its suppressive role in cancer. However, some challenges have arisen
with the use of miR-34a therapy. One of them is the aforementioned miRNA degradation.
RNase is rich in serum and easily denatures miR-34a, as a result of which miR-34 cannot
penetrate the capillary endothelium and does not reach its target cells [158].

3.3. MiR-21

MiR-21 is overexpressed in almost all human cancers. It acts as an oncogene and may
be a useful clinical biomarker and therapeutic target. Its level also increases in endometrial
cancer [128].

Researchers have demonstrated different mechanisms of action of miR-21. Yan et al.
studied its oncogenic role by inhibiting the tumor suppressor gene FBXO11 (a member of
the F-box subfamily lacking a distinct unifying domain), subsequently inhibiting apoptosis
and stopping protein degradation [78]. In another study (Tu et al.), the opposite effect of
miR-21 and GAS5 (growth arrest-specific transcript 5) was observed. Reduced expression of
GASS in tumor-associated macrophages (TAMs) in endometrial cancer has been observed.
Its anticancer role consists in promoting phagocytosis, presenting antigens, and activating
cytotoxic T lymphocytes. MiR-21 as an oncogene inhibits the suppressive effect of GAS5 in
endometrial cancer cells [159].

As mentioned earlier, miRNAs bind to target mRNAs through sequence complemen-
tarity and lead to inhibition of translation and mRNA destabilization. It is known that this
process can be influenced by IncRNAs, through IncRNA:miRNA interactions. An example
of a IncRNA is MEG3, which changes the expression of miR-21 [160,161].

Another mechanism of miR-21 involvement was investigated by Li Xiao et al. and is
related to tumor cell hypoxia [162].

Under hypoxic conditions, cancer cells produced significantly more exosomes than
cells in normoxic conditions. Hypoxia increased miR-21 expression in exosomes. Monocytes
were also transformed into M2-like polarizing macrophages by delivery of exomal miRNA-
21, which may be a mechanism for the immune escape of tumor cells. MiR-21 may induce
a potential mechanism for creating an immune microenvironment in endometrial cancer
progression [162]. Hypoxia is, therefore, an aggressive feature of endometrial cancer and an
increase in miR-21 levels. This increase results in the downregulation of PTEN and a strong
increase in LICAM gene expression to promote cancer cell invasion and metastasis [162].

Overexpression of miR-21-5p has also been reported to promote epithelial-to-mesenchymal
transition (EMT). In contrast, miR-21-5p silencing reversed EMT in endometrial cancer cell
lines. This mechanism is related to the SRY-box 17 (SOX17). Overexpression of miR-21-5p
significantly inhibits SOX17 protein expression in endometrial cancer cell lines. SOX17 has
a suppressive effect and its overexpression promoted mesenchymal to epithelial transition,
while SOX17 silencing induced EMT in endometrial cancer cell lines [62].

MiRNAs also have their regulators. Such a regulator for miR-21 is circRNA, i.e.,
circFAT1. Wu et al. investigated this relationship and described CircFAT1, which was
upregulated in EC and positively correlated with miR-21 in EC tissues. In RL95-2 and
HEC-1-A cells, circFAT1 overexpression increased miR-21 expression and decreased miR-21
gene methylation, while miR-21 overexpression did not alter circFAT1 expression. Through
stem cell analysis, it was shown that overexpression of circFAT1 and miR-21 had an effect
on the number of stem cells that increased. In contrast, miR-21 inhibition resulted in a
reduction in the number of stem cells. In addition, the miR-21 inhibitor suppressed the role
of circFAT1. In conclusion, circFAT1 is upregulated in the EC and can increase the number
of tumor cells by upregulating miR-21 [163].

3.4. MiR-182

It promotes cell proliferation by targeting the tumor suppressor gene TCEAL? (tran-
scription elongation factor 7-like), which interacts with the E-box sequences of the Myc
cyclin D1 target gene. By affecting the regulation of Myc activity and the expression of
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cyclin D1, it causes cell proliferation and malignant transformation. Downregulation of
TCEALY? is associated with larger tumor size, higher tumor stage, and poor prognosis [164].

According to Donkers, miR-182 can potentially be used to distinguish high-grade
disease from low-grade disease [46].

Devor et al. studied the association of miR-182 and the altered expression of cullin-
5(CUL5), a member of the ubiquitin ligase family cullin-RING E3. They showed that there
were two miR-182 binding sites in the 3'-UTR of the CUL5 gene and that miR-182 was
overexpressed in two EC model cell lines of Ishikawa H and Hec50co. They showed that
CULS was the target of miR-182 in EC. Upregulation of miR-182 results in downregulation
of CULS5, which promotes EC proliferation [165].

Myatt et al. studied changes in the levels of some miRNAs and the tumor suppressor
FOXOL1. They showed that FOXO1 was downregulated in endometrial cancer compared
to normal endometrium. Whereas, the miRNA including miR-182 was upregulated. The
target of miR-182 was probably the 3'-untranslated region of FOXO1 transcripts [166].

3.5. MiR-200

Tt is a whole family consisting of miR-200a, miR-200b, miR-200c, miR-429, and miR-141.
Tt negatively regulates two transcription factors, ZEB1 (Zinc finger E-box-binding homeobox
1) and ZEB2, which are well-known suppressors of E-cadherin transcription [55,167]. E-
cadherin is a calcium-dependent transmembrane epithelial adhesive molecule involved
in cell cohesion. Reduced expression of E-cadherin has been linked to reduced cell—cell
adhesion, metastasis potential, tumor differentiation, and deep myometrial invasion in
endometrial and other cancers. In endometrial cancer, loss of E-cadherin is strongly
associated with histological subtypes where loss is more prevalent in EEC grade 3 compared
to serous carcinoma [46].

By targeting E-cadherin transcriptional repressors ZEB1 and ZEB2, the miR-200 fam-
ily can regulate the epithelial-to-mesenchymal transition and protect cancer cells from
apoptosis [168].

MMP2 is an enzyme that degrades type 4 collagen, the main structural component
of basement membranes. This enzyme plays a role in the menstrual breakdown of the
endometrium, regulation of vascularity, and tumor metastasis. The natural MMP2 inhibitor
is TIMP2 (tissue metalloproteinase 2 inhibitor), it is a metastasis suppressor. MiR-200b
suppresses TIMP2 expression and increases the activity of matrix metallopeptidase 2
(MMP2) [168].

MMP2 expression in endometrial cancer correlates with the histological grade of the
tumor, its invasion, or metastases. Increased MMP2 expression and low TIMP2 expression
are the strongest markers of endometrial malignancies with a high risk of local and distant
metastases [168].

Both miR-200a and miR-200b belong to the miR-200 family, but they have different
target genes, which is related to the difference in the seed regions [168].

MiR-200b is overexpressed in endometrial adenocarcinomas. It specifically inhibits
TIMP2 expression and increases MMP2 activity in HEC-1A cells. Both MiR-200b and TIMP2
and MMP?2 probably play an important role in the initiation and further development of
endometrial adenocarcinoma [168].

3.6. MiR-103

MiR-103 has an oncogenic effect. Overexpression of miR-103 increases EC cell pro-
liferation, while downregulation has the opposite effect. ZO-1 is directly suppressed by
miR-103. Silencing ZO-1 significantly promotes EC cell proliferation [67].

A possible therapeutic target for miR-103 is TIMP-3 (tissue inhibitor of metallopro-
teinase 3 expression). Yu et al. studied the effect of miR-103 on TIMP using a TIMP-3
inhibitor. They showed that miR-103 after transcription downregulated the expression of
the tumor suppressor TIMP-3 and stimulated growth and invasion in endometrial cancer
cell lines [169].
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An important pathway in the pathogenesis of endometrial cancer is the GAS5-miR-
103-PTEN pathway. GAS5 is a tumor suppressor gene important in stopping cancer
formation. It works by inhibiting the expression of the miR-103 oncogene, which increases
the expression of PTEN and promotes the apoptosis of cancer cells. Guo et al. conducted a
study in which they studied the GAS5-miR-103-PTEN pathway and found that it may be a
new therapeutic target in the treatment of endometrial cancer [170].

3.7. MiR-105

The miR-105 family, which consists of three members (miR-105-1, miR-105-2, and
miR-767). It is located on the human Xq28 chromosome. MiR-105 may play an oncogenic
or suppressor role in various cancers [171]. In endometrial cancer, it serves as a tumor
inhibitor. It is weakly expressed in tumor tissues and endometrial cancer cell lines. Further
upregulation of miR-105 inhibits the proliferation and metastatic potential of endometrial
cancer cells. A potential target of miR-105 is SOX9. It has been validated as an miR-
105 target transcript. MiR-105 likely inhibits the epithelial-mesenchymal transition and
gastric cancer metastasis by targeting SOX9. SOX9 is well established as a redundant
transcription factor regulating many developmental signaling pathways and its aberrant
expression has been associated with tumor initiation, proliferation, metastasis, and stem
cell maintenance. This is also true for endometrial cancer, as SOX9 has been reported as an
independent risk factor for endometrial hyperplasia in the uterine epithelium, which is a
precursor to endometrial cancer. In addition, overexpression of SOX9 was found to cause
proliferation of endometrial cancer cells. Other molecules can also act through miR-105,
such as Circ_0109046, which acts as an oncogene in endometrial cancer. This affects the
development of cancer and its metastases [172].

In other cancers, its function in promoting tumor metastasis has been demonstrated
by destroying the vascular endothelial barrier. This mechanism is based on the ZO1 protein
and has been described in breast cancer [79].

3.8. MiR-136

MiR-136 has also been studied in various cancers. MiR-136 has been identified as a
tumor suppressor gene in various adenocarcinomas such as breast cancer, colon cancer,
and lung cancer [173-175].

MiR-136 acts as spongeRNA for circ. PUM1. Circ_PUM1 plays a key role in the
development and progression of endometrial cancer, mainly through the uptake of miR-136
via a “sponge” effect, thereby promoting the expression of the NOTCH3 target gene [176].

Zong et al. revealed that miR-136 was an anti-proliferative and anti-metastatic miR in
the EC [176].

MiR-136 acts as a spongeRNA also for another circRNA, i.e., circ_0109046. Shi Y. et al.
studied the mechanism of action of circ_0109046 sponged miR-136 to regulate HMGAZ2 via
the ceRNA mechanism [177]. Shi Y et al. showed that miR-136 directly targeted HMGAZ2.
HMGA2 is a common oncogenic factor and is involved in various cellular processes
including cell proliferation, apoptosis, and differentiation. Meanwhile, HMGA2 accelerates
tumor progression in gynecological cancers, including cervical cancer, breast cancer, and
ovarian cancer. Ma et al. suggested that miR-302a-5p /367-3p-mediated HMGA2 promoted
EC cell malignancy [178]. In a study by Shi Y. et al., HMGA?2 was identified as a target for
miR-136. Importantly, HMGA2 augmentation abolished miR-136 mimic inhibition in EC
development [177].

Li et al. studied miR-136 levels in EC stem cells. They showed that it was significantly
reduced in EC tissues and its expression correlated with different FIGO stages and grades.
By means of a survival analysis, it was shown that patients with low miR-136 expression had
a worse prognosis. It was also shown that the expression of miR-136 in endometrial cancer
stem cells (ECSC) was significantly lower than in non-stem cells [179]. Overexpression
of miR-136 can inhibit EC cell proliferation, migration, and invasion. Overexpression of
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miR-136 may also promote cell apoptosis and G0/G1 cell cycle arrest. They also inhibit the
ability of EC cells to form a ball [179].

3.9. MiR-155

MiR-155 negatively regulates p38 protein levels by directly binding to the 3'UTR region
of the target mRNA. MiR-155 has a negative effect on the functioning of DCs (dendritic
cells, antigen-presenting cells), which plays an important role in the activation of anticancer
immune responses. It acts by silencing p38, via the p38 MAPK14 pathway [73].

Yamamoto and Imai studied microsatellite instability (MSI), which is a hallmark of
Lynch syndrome [180]. This is an important direction of research because the probability
of developing EC as the first tumor in this syndrome is 40-60% [181]. They showed that
overexpression of miR-155 or miR-21 downregulated MMR gene expression. MSI-induced
frameshift mutation gene targets are involved in essential cellular functions including, for
example, DNA repair (MSH3 and MSHS), cell signaling (TGFBR2 and ACVR2A), apoptosis
(BAX), epigenetic regulation (HDAC2 and ARID1A) and processing miRNAs (TARBP2 and
XPO5), and the MSI + CRC subset reportedly shows a mutant phenotype of the miRNA
machine [180].

Another study observed reduced levels of IGF1 (insulin-like growth factor 1), MYLK
(myosin chain kinase), and overexpression of SOD2 (superoxide dismutase 2) associated
with dysregulation of proliferative processes in the EC. MiR-155 was possibly involved in
the regulation of MYLK activity in the EC. Its overexpression may promote uncontrolled
tumor proliferation and progression [182].

MiR-155 acts on the angiotensin IT receptor type 1 (AGTR1) by inhibiting it. Choi et al.
studied this compound using anti-miR-155. They found that combination therapy with
anti-miR-155 and losartan had a synergistic effect and has an antiproliferative effect [183].

3.10. MiR-372

It acts as a tumor suppressor and inhibits the occurrence and development of endome-
trial cancer. Its expression is much lower in the EC than in healthy endometrial tissues.
Overexpression of miR-372 suppressed cell proliferation, migration, and invasion and led
to G1 phase arrest. MiR-372 also promotes apoptosis of endometrial cancer cells in vitro.
Researchers detected the expression of known miR-372 targets in other malignancies. They
showed that cyclin Al and cyclin-dependent kinase 2 (CDK2) were downregulated by
miR-372. It was also shown that transfection of miR-372 reduces the expression of RhoC,
matrix metalloproteinase 2 (MMP2), and MMP9, while it increases expression of cleaved
polymerase poly (ADP ribose) (PARP) and bcl-2-linked protein X (Bax) [184].

Another tested target for miR-372 was PRMT6 (protein arginine methyltransferases).
PRMTS6 overexpression promotes EC cell proliferation and migration and is significantly
associated with higher tumor histology grades and unfavorable prognosis. PRMT6 induces
AKT and mTOR phosphorylation in the EC. MK2206 or rapamycin inhibits the AKT/mTOR
pathway via PRMT6. miR-372-3p expression downregulates PRMT6. In clinical trials,
PRMT?6 expression was associated with low miR-372-3p expression [185].

3.11. MiR-93

MiR-93 derives from the paralog (miR-106b-25) of the miR-17-92 [186] cluster. Its high
expression is associated with the short survival of patients with endometrial cancer. In
biological experiments conducted in vitro, miR-93-5p overexpression has been shown to
promote the proliferation and migration of endometrial cancer cells. Therefore, it is very
possible that miR-93-5p promotes the development of endometrial cancer [187].

Chen et al. studied miR-93, which was highly expressed in endometrial cancer tissues.
Overexpression of miR-93 promoted the migration and invasion of endometrial cancer
cells and decreased E-cadherin expression and increased N-cadherin expression without
changing RhoC expression in the EC. MiR-93 promotes EMT, migration, and invasion in
endometrial cancer cells by regulating FOXA1 [186].
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3.12. MiR-125

One important family of miRNAs is the miR-125 family, which includes miR-125a, miR-
125b1, and 125b2, which produce nearly identical products of different genes. The miR-125b
is of particular interest. Human miR-125b is found throughout the human body and is the
highest expressed in the brain and ovaries, followed by the thyroid, pituitary, epididymis,
spleen, testes, prostate, uterus, placenta, and liver. MiR-125b can be upregulated, e.g.,
in colorectal cancer or hematopoietic tumors. However, it may be strongly reduced in
breast tumors and hepatocellular carcinoma [188]. Shang et al. showed that miR-125b
was downregulated by about 30% in endometrial cancer. Downregulation of miR-125b
increased cell invasiveness that could be rescued by overexpression of miR-125b. The direct
target for miR-125b is ERBB2. ERBB2 has been shown to modulate microRNA activity by
binding to microRNA targeting sequences on the 3'UTR of target mRNAs. ERBB2, encoded
as a member of the epidermal growth factor (EGF) receptor family of receptor tyrosine
kinases, is associated with increased invasion as a proto-oncogene [189].

3.13. MiR-222

MiR-222 has been studied as one of the markers to detect endometrial cancer in
patients. Montagnana et al. showed higher serum miR-222 levels in EC patients compared
to controls [147].

Donkers et al. studied urinary miR levels and showed that miR-222 expression was
significantly reduced in older women [45].

Liu and others studied miR-222-3p and showed that it targeted Erax. miR-222-3p
expression is negatively correlated with ERx. Overexpression of miR-222-3p in RL95-2 cells
promotes cell proliferation, increased invasiveness, and induces a G1 to S phase shift in the
cell cycle. In addition, the researchers showed that miR-222-3p expression was significantly
lower in ERa-positive than in ERx-negative EC tissue samples and that the miR-222-3p
expression level is inversely correlated with Era expression. The miR-222-3p expression
level is lower in lower-grade tumors. In addition, miR-222-3p was positively associated
with lymph node metastases [42].

3.14. Let-7

The Let-7 miRNA family was first discovered in nematodes and has as many as 13
members that are located on 9 different chromosomes. Their role is to control the time of
division, differentiation, and proliferation of stem cells. They play an important role in
carcinogenesis. Its reduced expression is found in the bladder, breast, colorectal, cervical,
endometrial, head and neck, lung, ovarian, prostate, and kidney cancers. let-7’s role is
to regulate cell differentiation and proliferation as well as inhibit cancer cells by directly
acting on RAS genes via LIN28. Let-7 and LIN28 both have inhibitory effects on each other.
Decreased let-7 levels result in increased RAS levels leading to tumor cell proliferation [26].

Zhang et al. have shown that the activated estrogen receptor can repress BAX ex-
pression by regulating a group of microRNAs including but not limited to members of
the has-let-7 family. This results in the promotion of an increased BCL2/BAX ratio as
well as increased survival and proliferation in affected cells. These ER-regulated has-let-7
microRNAs can be detected in most endometrial hyperplasias and may be potentially
useful indicators of estrogen overexposure [58].

Let-7 (lethal-7) has been described in the pathogenesis of ovarian germ cell tumors
(GCT). Let-7 is regulated by the RNA-binding protein LIN-28 homolog A (LIN28). GST
LIN28-positive tumors have been shown to be downregulated let-7 [190].

3.15. MiR-429

MiR-429 belongs to the miR-200 family and its dysregulation is involved in the
epithelial-mesenchymal transition (EMT), progression, development, invasion, metastasis,
apoptosis, and drug resistance of various cancers.
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Tts target is PTEN, which is a significant tumor suppressor gene in the EC. As reported
by Yoneyama et al., overexpression of miR-429 in EC results in downregulation in EWG
PTEN. The putative recognition site for miR-429 is the 3’ untranslated PTEN region (3'-
UTR) [129].

4. Summary

MiRNAs play an important role in carcinogenesis and have been the subject of many
studies in this field. Carcinogenesis is a complex process involving the dysregulation of
many genes, and, therefore, studies on the functions and targets of miRNAs will expand
our understanding of the molecular mechanisms that control cancer development [168].

The role of miRNA is the subject of research, e.g., in the etiopathogenesis of polycystic
ovary syndrome (PCOS). It has been proven in the literature that in patients with metabolic
syndrome a change in miRNA expression occurs. The question we are still looking for
an answer to is whether these changes are the direct cause of endometrial cancer and if
carcinogenesis can be prevented by changes in epigenetics. Another question is how can
changes in miRNAs be observed in this group of patients since it is known that their levels
can change with the aging of the body.

A large group of PCOS patients uses Metformin [191]. It is a hypoglycaemic drug
that, in short, works in three ways: it reduces hepatic glucose production, increases muscle
insulin sensitivity, and delays glucose absorption in the intestine [191]. It also affects
changes in miRNA expression [192]. MiR-20a-5p expression was shown to be increased
in women with PCOS using Metformin [193]. In contrast, the following miRNAs were
decreased: miR-122, miR-29a, and miR-223 [194]. Metformin facilitates weight loss, so will
it prevent the development of endometrial cancer?

Studies on the effect of exercise and physical activity on weight loss have also been
conducted. A decrease in miR-423-5p expression, a drop in whole-body insulin resistance,
and an increase in liver insulin sensitivity have been demonstrated [195]. Some physical
exercises can alter miRNAs in skeletal muscle, heart muscle, bone, adipose tissue, liver,
brain, and body fluids [196]. However, it has not been shown whether they have an effect
on reducing the risk of endometrial cancer.

There is a need to develop new biomarkers for the detection of endometrial cancer
and for these markers to accurately distinguish between low-grade (stage 1 and grade 2)
or high-grade (stage 3) endometrioid cancer lesions. Chen et al. reported unique miRNA
signatures for endometrial cancer, based on the following miRs: miR-652, miR-3170, miR-
195, miR-34a, and miR-934 [197]. Such signatures were also created for the differentially
expressed miRNA (DEmiR) step to help predict high-risk gynecological cancer patients
and demonstrate their role in early and late disease.

MiRNAs may be promising biomarkers. They can be detected in solid tissue samples,
but also in blood, serum [44], urine [45], and other body fluids [198]. Since they can be
detected in urine and are stable there, urine appears to be a promising non-invasive test for
the detection of EC [45,199]. To date, it has not been established which type of sample can
be used to obtain the most reliable biomarker for the detection of endometrial cancer.
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Woazrastajaca liczba nowych zachorowan na EC i wzrost liczby zgonéw z powodu tego
nowotworu zmusza do poszukiwania przyczyn tego zjawiska i nowych markerow
zaawansowania nowotworu lub sktonnosci do przerzutow. MikroRNA moga dziata¢ jako
czynniki prognostyczne. Celem artykutu byto przeprowadzenie szczegoétowej analizy roli
mikroRNA w kancerogenezie raka endometrium. Artykut obejmuje szeroki zakres
zagadnien, poczawszy od roli mikroRNA w réznych etapach procesu nowotworzenia,
poprzez zmiany ekspresji mikroRNA w zaleznosci od roéznych czynnikow ryzyka,
konczac na szczegdtowym omowieniu wybranych mikroRNA. Pierwsza czes¢ artykutu
opisuje mechanizm powstawania mikroRNA oraz jego rol¢ w nowotworach u cztowieka.
W nastepnym rozdziale zawarty jest szczegdtowy opis kolejnych stadiow progres;ji raka,
tj.: wzrost guza pierwotnego, migracja i miejscowa inwazja, transendotelialna migracja
komoérek nowotworowych do naczyn, przezycie w ukladzie krazenia, wynaczynienie,
tworzenie niszy przedprzerzutowej. Na kazdym z tych etapow zwraca uwage rola réznych
mikroRNA. W kolejnym rozdziale opisane sa zmiany miRNA w zalezno$ci od
wystepowania roznych czynnikow ryzyka, jak i czynnikéw prognostycznych EC.
MikroRNA badano u pacjentek z zespotem PCOS [110]. W tej grupie kobiet stwierdzono
wiele nieprawidtowosci i nadmierng ekspresje licznych mikroRNA. Odkryto, ze zmiany
ekspresji mikroRNA wystepujace w PCOS s3 czesto zwigzane réwniez z zespotem
metabolicznym, ktory obejmuje nadci$nienie, dyslipidemie¢, otylos¢ centralng
1 upo$ledzong tolerancje glukozy, czyli innymi czynnikami EC [111]. PCOS zwigksza
ryzyko zachorowania na raka endometrium 2,7 razy. Wykazano, ze u kobiet z PCOS
zmienia si¢ rowniez poziom ekspresji miRNA, np. miR-27a-5p, ktory ulega nadekspresji,
badanie przeprowadzono na egzosomach pochodzacych z surowicy. MiR-27a-5p
odgrywa znaczaca role¢ w migracji 1 inwazji komoérek EC poprzez regulacje

SMAD#4 [112].

Na zmiany ekspresji mikroRNA ma réwniez wpltyw starzenie si¢ organizmu [113].
U os6b dtugozyjacych obserwuje si¢ obnizony poziom niektorych mikroRNA, takich jak
let-7, miR-17 czy miR-34, okreslanych jako ,,miRNA dlugowiecznosci”. Czynniki te sg
uwazane za ochronne i mogg przyczynia¢ si¢ do wydtuzenia zycia. Z drugiej strony
zmiany ekspresji mikroRNA s3a rowniez zwigzane z chorobami wieku podesztego, w tym
z chorobami nowotworowymi [114]. Przyktadowo, ekspresja miR-151a-3p,
miR-181a-5p 1 miR-1248 ulega obnizeniu wraz z wiekiem [115, 116]. Z kolei ekspresja

miR-21 1 miR-23a wzrasta u ludzi w Srednim wieku, a obniza si¢ w wieku podesztym
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[117]. Dalsza czg$¢ artykutu koncentruje si¢ na mikroRNA, ktoérych ekspresja ma
udowodniony wplyw na wystgpienie przerzutow w weztach chtonnych, przezycie

1 nawr6t choroby u pacjentek z EC.
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Abstract: MicroRNAs (miRNA) are involved in the process of carcinogenesis, including the devel-
opment of endometrial cancer (EC). This study aimed to investigate the association between the
expression of three miRNAs (miR-21-5p, miR-205-5p, and miR-222-3p) in endometrial cancer tissues.
In addition, the stability of expression of SNORD48 and U6, which were initially planned to be
used as reference miRNAs for normalization, was investigated. Endometrial tissue was obtained
from 111 patients with EC during hysterectomy and from 19 patients undergoing surgery for uterine
fibroids or pelvic organ prolapse as a control group without neoplastic changes. Our study was based
on calculations made with a digital PCR method (Qiagen, Hilden, Germany) to measure the absolute
expression. In the endometrial cancer tissue, miR-205-5p was upregulated, while miR-222-3p and
SNORD48 were downregulated compared to the control group. We detected statistically significant
correlation of miR-205-5p, U6, and SNORD48 expression with different histological grades; the expres-
sion of miR-205-5p increases with the histopathological grade advancement (intraepithelial neoplasia-
EIN = 1590, G1 = 3367.2, G2 = 8067 and G3 = 20,360), while U6 and SNORD expression decreases
from EIN to G2 and increases again in the G3 grade (U6: EIN = 19,032, G1 = 16,482.4, G2 = 13,642.4,
G3 = 133,008; SNORDA48: EIN = 97,088, G1 = 59,520, G2 = 43,544, G3 = 227,200). Our study suggests
that upregulation of miR-205-5p and downregulation of miR-222-3p and SNORD48 may influence
development of endometrial cancer. Moreover, miR-205-5p, U6, and SNORDA48 expression changes
may be associated with progression of endometrial cancer. The results also indicate that SNORD48
and U6, commonly used as internal references, may influence endometrial cancer development and
progression; therefore, they should not be used as references. However, it is important to note that
further research is required to understand their role in endometrial cancer.

Keywords: miRNA; endometrial cancer; miR-21-5p; miR-205-5p; miR-222-3p; reference gene;
SNORD48; U6

1. Introduction
1.1. Endometrial Cancer

Endometrial cancer is one of the most common malignant tumors in women in de-
veloped countries and ranks fifth in morbidity after breast cancer, colorectal cancer, lung
cancer, and thyroid cancer [1]. The cancer occurred in 319,600 cases of global incidence
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in 2012 and is on the rise [2]. In 2018, there were 382,069 new cases of endometrial cancer
and 89,929 deaths [3]. In 2020, there were 417,367 new cases and 97,370 deaths due to
endometrial cancer worldwide [1]. The presented figures show a clear upward trend in
both morbidity and mortality due to endometrial cancer.

From the clinicopathological point of view, the endometrial cancer is divided into two
types: type I and type II (according to Bokhman'’s dualistic theory).

Typelis the endometrioid type (EEC) characterized by a state of hyperestrogenism and
occurs mainly in obese women with polycystic ovary syndrome (PCOS), and anovulatory
cycles. It can also occur in women with a genetic predisposition (e.g., Lynch syndrome).
Type I EC has a favorable prognosis and accounts for 80-90% of endometrial cancers. Type
II ECs include serous, clear cell, and undifferentiated carcinomas, and are associated with
higher patient age, and high stage and grade, and have a poor prognosis [4].

In 2013, a new molecular classification of endometrial cancer was introduced by The
Cancer Genome Atlas (TCGA), which indicates a paradigm shift from morphological to
molecular classification. The TCGA identified four molecular subgroups characterized by:

- POLE mutation (POLEmut group) (Polymerase Epsilon) (7%);
- Microsatellite instability (MSI group) which results from mismatch repair deficiency

(MMRd) (28%);

- High somatic copy number changes (driven by the TP53 mutation, also called the

p53abn group) (26%);

- Low copy number without defined molecular profile, no specific molecular profile

(NSMP group) (39%) [5].

Each of these groups has a different prognosis. Tumors with the POLE mutation
have an extremely favorable prognosis, while the group with a high copy number due
to the TP53 mutation has a poor prognosis. The prognosis for tumors with mismatch
repair deficiency (MMRd) and no specific molecular profile (NSMP) is relatively favor-
able. Common mutations in the MSI group include ARID5B, PTEN, and mutations of the
phosphatidylinositol-3 kinase family genes, including PIK3CA and PIK3R1 [6].

The most common genetic mutation in endometrial cancer is the mutation of the PTEN
suppressor gene (phosphatase and tensin homolog deleted from chromosome-10). Func-
tional inactivation of PTEN is associated with the initiation and progression of endometrial
cancer. Studies have shown a 34-55% frequency of somatic mutations of the PTEN gene
with a 50-83% frequency of loss or a decline of the PTEN protein [7-9]. Khatami et al.
showed that the reduction in PTEN gene expression in endometrial cancer tissues is caused
by hypermethylation of its promoter. PTEN promoter methylation was observed by re-
searchers in 52.0% of cancer tissues [10]. Another important gene in EC carcinogenesis is
SOX17, which acts as a tumor suppressor gene, and its inactivation is important in endome-
trial cancer progression through EMT (epithelial-mesenchymal transition) regulation [11].
According to the recommendations of the Federation of Gynecology and Obstetrics (FIGO),
endometrial cancer can also be divided into three grades depending on the degree of histo-
logical differentiation [G1-G3]. G1 is characterized by having <5% solid growth pattern,
G2 has from 6 to 50% solid growth pattern, while G3 has >50% solid growth pattern.

As we wrote at the beginning of the introduction, the increasing number of new cases
of EC and the increase in the number of deaths due to this cancer forces us to look for
the causes of this phenomenon and new markers for the advancement of the cancer or
the tendency to metastasize. MicroRNAs may act as prognostic factors. Therefore, in our
study we focus on changes in the expression of three microRNAs (miR-21-5p, miR-205-5p,
and miR-222-3p) in endometrial cells in patients with various degrees of histopathological
differentiation. We hope that determining changes in the expression of our microRNAs
will be the basis for improving the prognosis of patients with EC and extending the life
of patients.

57



Int. J. Mol. Sci. 2024, 25, 3286

3of21

1.2. MicroRNA in Control of Gene Expression

According to the NIH Roadmap Epigenomics Project, the term epigenetics refers
to both inherited changes in gene activity and expression (in the progeny of cells or
individuals) and stable, long-term changes in the transcriptional potential of the cell.
Epigenetic modifications are defined as arbitrary modifications in genomic DNA that
result in transcriptional silencing and can be both beneficial and disadvantageous. For
instance, in cancer, epigenetic modifications can cause high levels of activation of genes,
so-called oncogenes, but can also have adverse effects by silencing tumor suppressor genes.
Three different types of mechanisms are known to cause gene silencing: DNA methylation,
histone modifications, and RNA-related silencing [12].

MiRNAs are particularly interesting molecules that contribute to the regulation of
epigenetic gene expression. They were discovered in 1993 and are non-coding, single-
stranded, small RNA molecules about 21-25 nucleotides long [13]. MiRNAs are important
post-transcriptional regulators, and may act as oncogenes or tumor suppressors in the
development of endometrial cancer [14,15]. In this study, we used digital PCR to analyze
absolute expression of the following microRNAs: miR-21-5p, miR-205-5p, and miR-222-3p.
Initially, SNORD48 and U6 were used as references for normalization. However, our results
showed that they were unstable in endometrial cancer tissue. The miRNAs that were
analyzed in the study are described below.

MiR-21 acts by directly targeting the 3'-UTR of PTEN (the phosphatase and tensin
homolog) mRNA, which is a tumor suppressor gene. Functional inactivation of PTEN is
associated with the initiation and progression of endometrial cancer [16].

Qin et al. found that miR-21 expression could be correlated with advanced clinical
stages, deep myometrial invasion, and high histological grade [16].

Wang et al. showed that miR-21-5p promoted EMT (epithelial to mesenchymal transi-
tion), while miR-21-5p silencing had the opposite effect in endometrial cancer cells. EMT
promotion by miR-21-5p may be mediated by targeting SOX17 (SRY-box 17), and is corre-
lated with poor survival in endometrial cancer patients. SOX17 encodes a 414 amino acid
protein member of the HMG-box (SOX) superfamily of transcription factors related to SRY.
It should be mentioned that the epithelial to mesenchymal transition is an important pro-
cess by which epithelial cells lose their character, e.g., they lose epithelial markers such as
E-cadherin, and acquire mesenchymal characteristics, e.g., by an increase in mesenchymal
markers such as fibronectin, which leads to tumor metastasis [11].

Tian et al. also studied miR-21-5p, and also confirmed its inhibitory effect on PTEN. In
addition, researchers showed that miR-21-5p was a potential target of NBTA1 (Long noncod-
ing RNA neuroblastoma-associated transcript 1), and was confirmed by a reporter assay of
luciferase activity. The study confirmed through cellular experiments that NBTA1 was tar-
geted to bind to miR-21-5p, and overexpression of miR-21-5p not only promoted EC prolifer-
ation and invasion but also inhibited apoptosis. It also had the effect of blocking NBTA1 on
EC cells [17]. MiR-21-5p has also been studied in other tumors, e.g., peritoneal cancer [18],
lung cancer [19], colorectal cancer [20], breast cancer [21], and ovarian cancer [22].

Studying the role and mechanisms of miR-21-5p in EC is important from both a scientific
and medical point of view. Stopping cancer metastasis plays an important role in treating
patients and extending their lives. It seems that miR-21-5p gives us such possibilities.

The mechanism of action of miR-205-5p regulates EMT by silencing ZEB2 and ZEB1
(homeobox 1, 2 binding the E-box to the zinc finger) [23]. MiR-205-5p has been shown
to be overexpressed in head and neck cancer cell lines [24], cervical cancer [25], kidney
and bladder cancer [26], non-small cell carcinoma lung cancer [27], and breast cancer [23],
compared to normal tissues. Karaayvaz et al. indicated that miR-205-5p expression levels
were significantly associated with endometrial cancer patient survival. Patients with low
miR-205-5p expression tended to have better survival than patients with high miR-205-5p
levels. This supported the observations that elevated levels of miR-205-5p in tumor tissues
could lead to poorer survival rates in endometrial cancer patients [28].
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Zhuo and Yu observed that miR-205-5p is more highly expressed in Ishikawa-PR
cells compared to Ishikawa cells. In addition, the researchers observed that miR-205-5p
inhibitor treatment significantly inhibited the growth of Ishikawa cells and PR tumor cells.
These observations show that miR-205-5p may be involved in progesterone resistance in
the EC, although the mechanism of progesterone resistance in the EC remains unclear.
Researchers also showed a new perspective on the regulatory mechanism of miR-205-5p
on the PTEN gene in PR-ECs, where PTEN levels were significantly reduced in Ishikawa’s
PR cells, and the miR-205-5p inhibitor increased PTEN expression in these cells. These
findings show us that miR-205-5p plays an important role in the loss of PTEN expression
and PR development in EC cells [29]. It should be mentioned that PTEN is the most
frequently modified gene in the EC, and is located on human chromosome 10 and encodes
a tyrosine kinase. It is estimated that 34-83% of ECs and precancerous lesions show reduced
expression of PTEN [30]. PTEN is a tumor suppressor, promotes apoptosis, and its deletion
or mutation results in tumor development [29].

The expression of miR-205-5p was studied in gastric cancer and found to be decreased [31].

Lu et al. studied the effect of miR-205-5p on Paclitaxel resistance; they found that
miR-205-5p was upregulated in EC tissues and targeted FOXO1 (FOXO1 is a transcription
factor widely distributed in the heart, brain, lung, and other tissues and organs). MiR-
205-5p induced an increase in Paclitaxel resistance, and contributed to EC cell neoplasia
by affecting FOXO1. Knocking down miR-205-5p increased the sensitivity of EC cells to
Paclitaxel, resulting in reduced cell proliferation and increased apoptosis. Researchers have
shown a new possible direction for treating EC patients by regulating miR-205-5p [32].

It should also be mentioned that IncRNAs also have an effect on endometrial cancer
by modulating the miR-205-5p-PTEN axis. Such an example was presented by Xin et al.
describing the effect of IncRNA, i.e., LA16¢-313D11.11, on the miR-205-5p-PTEN axis,
where LA16¢-313D11.11 can inhibit the development and progression of EC by acting
like a miR-205-5p sponge, and thus thereby indirectly increasing PTEN expression [33].
Xin et al. reported that as many as 13 IncRNAs can be associated with the miR-205-5p-
PTEN network and they are LINC00657, RP11-395G23.3, HNRNPU-AS1, MCM3AP-AS1,
SNHG5, SNHG16, LA16¢-313D11.11, THAP9-AS1, RP11-379K17.11, RP11-38P22.2, RP11-
349A22.5, UBXNS, and ERVK3-1. Researchers concluded that these 13 IncRNAs could act
as endogenous spongy RNAs to interact with and suppress miR-205-5p [34].

The role of miR-205-5p in EC still requires additional research and a better understand-
ing of its impact on the mechanism of EC carcinogenesis.

MiR-222-3p has been studied in many types of cancer, including endometrial cancer.
Liu et al. showed that miR-222-3p was upregulated in ERa-negative EC tissues. It has been
also shown that overexpression of miR-222-3p was correlated with higher grades, later
stages, and more nodal metastasis. Moreover, it has been found that, in vivo, miR-222-3p
suppression could significantly inhibit tumor growth [35]. However, the role of the clinical
significance of miR-222-3p in EC is still not fully understood and therefore it was selected
for our analyses.

Fu et al. studied miR-222-3p expression in epithelial ovarian cancer (EOC) patients
in mouse models and cell lines. They found it to be a suppressor, and higher expression
of miR-222-3p was associated with better overall survival in EOC patients. In addition,
they showed that its level was negatively correlated with tumor growth invivo. Ex-
periments conducted by the researchers in vitro showed that miR-222-3p inhibited the
proliferation and migration of EOC cells and reduced AKT phosphorylation. GNAI2 (G
protein alpha inhibiting activity polypeptide 2, Galphai2, Gix2) has been identified as
a target of miR-222-3p, and it promotes EOC cell proliferation and is an activator of the
PI3K/AKT pathway [36].

The situation is different in non-small cell lung cancer. Chen and Li showed that the
expression of miR-222-3p was significantly upregulated in these cancer tissues and cell
lines, and that the miR-222-3p inhibitor reduced the activity of non-small cell lung cancer,
i.e., reduced cell proliferation and increased cell apoptosis. Overexpression of miR-222-3p
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in non-small cell lung cancer cells promoted cell proliferation and reduced their apoptosis.
Researchers demonstrated Bcl-2-binding component 3, which was the target gene of miR-
222-3p, and its knockdown attenuated the regulatory effect of the miR-222-3p inhibitor on
cell proliferation and apoptosis in non-small cell lung cancer cells [37].

SNORD48 (Small Nucleolar RNA, C/D Box 48) (RNU48) is one of many small nu-
clear RNAs designated as members of the SNORDs family whose expression is stable
(at a constant level) in many tissues. Therefore, it is often used as a reference miRNA in
research on miRNA expression level (apart from, e.g., U6, SNORD 44). References genes
were studied by Torres et al., who analyzed the stability of reference genes in patients with
endometrial cancer. They showed that RNU48 was one of the most stable genes in EC.
Researchers using both NormFinder and geNorm (https:/ /norm.btm.umed.pl) indicated
that SNORD48 was optimal for normalizing qPCR data in EC tissues. SNORD48 was
also expressed equally between normal and tumor samples [38]. In contrast, Bignotti
et al. studied the stability of SNORD48 in ovarian cancer and showed that SNORD48 is
stable between malignant and normal tissues in ovarian cancer patients. The investigators
supported the use of SNORDA4S8 as the best reference for relative quantification in expres-
sion studies in ovarian cancer [39]. However, Egidi et al. studied gene stability in urine
sediment from prostate cancer patients and showed that the SNORDA48 value exceeded
the limit of acceptability [40]. Additionally, Lawror et al. studied endogenous SNORD48
in patients irradiated for prostate cancer. The researchers showed that expression levels
were associated with a low coefficient of variation after irradiation (6 Gy). Scientists have
noticed the effect of radiation on changes in endogenous SNORDA48 [41].

Jurcevic et al., using NormFinder, showed that using the five most stable genes
including U6 provided the best normalization [42]. In contrast, Lou et al. showed that U6
is unstable in various tumor tissues. The study focused on breast cancer tissues, in which
U6 expression was higher compared to healthy tissue, and U6 expression was similarly
higher in cancer cells than in mesenchymal cells. High U6 expression levels were higher
in liver and intrahepatic bile duct cancer tissues compared with adjacent normal tissues.
Researchers have shown that U6 expression and distribution show high variability among
several human cell types [43].

The absolute concentration of the studied miRNAs was determined using digital PCR
(dPCR). This method offers increased sensitivity and a better limit of detection (LOD)
due to the small reaction volume, which increases the effective concentration of the target
miRNA. Therefore, the LOD is less restrictive for dPCR than for quantitative PCR (qPCR).
Furthermore, digital PCR allows for the absolute quantification of the target nucleic acid in
the sample, as opposed to real-time PCR which only provides relative quantification. This
leads to more precise and accurate quantification, especially for low-abundance targets.

1.3. The Aim of Study

The aim of this study was to investigate the association between the expression of
three miRNAs (miR-21-5p, miR-205-5p, and miR-222-3p) in endometrial cancer tissues. We
examined miRNA changes in relation to histopathological differentiation and comorbidities
in patients with endometrial cancer. Furthermore, we investigated the stability of SNORD48
and U6 expression in endometrial cancer tissues.

2. Results

The characteristics of the study group, including the clinical features and lifestyle of
patients with endometrial cancer, are presented in Table 1. Quantitative variables were
compared and analyzed using the U Mann-Whitney test due to the relatively small control
group and the presence of deviating data distributions from normal. No statistical signifi-
cance was obtained for the following factors: age at menarche (first period), vaginal births,
caesarean sections, miscarriages, and hyperthyroidism. Statistically significant factors are
menopausal status (last menstrual period), hypertension, diabetes (DM), hypothyroidism,
and BMI. A statistically significant difference was also obtained in the age of the study
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and control groups. This results from the inability to select patients in the appropriate
age group, because the material was obtained from endometrial tissue collected during
hysterectomy. Therefore, patients undergoing surgery for uterine prolapse or with fibroids
were included in the study as a control group.

Table 1. Characteristics and clinical data of the study and control groups.

Study Group, N=111"  Control Group, N=19! p-Value 2
Age 61 (39-88) 48 (42-92) <0.001
First period 13 (10-18) 14 (11-17) 0.4
Last menstrual period 51 (37-60) 48 (42-61) 0.043
Birth 2(0-7) 2(0-3) 02
Cesarean section 0(0-3) 0(0-3) 0.5
Miscarriages 0(0-3) 0(0-4) 0.2
BMI 29.50 (21.30-50.20) 25.39 (20.08-34.19) <0.001
Hypertension 0.002
No 48 (43%) 16 (84%)
Yes 63 (57%) 3 (16%)
DM 0.042
No 90 (81%) 19 (100%,
Yes 21 (19%) 0 (0%)
Hypothyroidism 0.024
No 88 (79%) 19 (100%)
Yes 23 (21%) 0 (0%)
Hyperthyroidism >0.9
No 108 (97%) 19 (100%)
Yes 3(2.7%) 0 (0%)

I Median (Range); 2u Mann-Whitney Test, Chi? test with Fisher’s exact test depending on variable. Statistical
significance was demonstrated in the following cases: patient’s age, menopausal status (last menstrual period),
hypertension, diabetes (DM), hypothyroidism and BML

In the above patients, the absolute expression of the following miRNAs was tested:
miR-21-5p, miR-205-5p, miR-222-3p, U6, and SNORD48 in endometrial tissues. Statistically
significant results were obtained for miR-205-5p (p < 0.001), miR-222-3p (p = 0.013), and
SNORD48 (p < 0.001) expression. Table 2 shows the absolute expression of the tested
miRNAs in copies per pL.

Table 2. Absolute expression of miR-21-5p, miR-205-5p, miR-222-3p, U6, and SNORD48 in the
endometrial cancer study group and in the control group.

Study Group Control Group

Absolute Expression Value 2
(Copies/uL) N=1111 N=191 4
. 698,576 938,736
miR21:5p (56.96-2,858,160) (118,688-3,424,496) =
) 4009.2 18152
mIxIRp (64.08-611,824) (32.5-7336.80) <0.001
miR-222-3p - - 0013

(819.2-315 144) (35,104-421,912)
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Table 2. Cont.
Absolute Expression Study Group Control Group _Value 2
(Copies/uL) N=1111 N=191 peyene
19,390.4 47,264
ve (1034.72-3,321,321) (9926.4-119,536) 0074
SNORD48 110 214,400 <0.001

(665.6-581,552) (37,168-394,592)

! Median (Range); > U Mann-Whitney Test. Statistically significant results were obtained for the expression of
miR-205-5p (p < 0.001), miR-222-3p (p = 0.013) and SNORD48 (p < 0.001). The absolute expression of the tested
miRNAs is presented in copies per uL.

In the miRNA expression data used for further analysis, a logarithmic transforma-
tion was performed to obtain a normal distribution of the data quantified by digital
PCR. The mean logarithmic miRNA expression values were used to determine the fold
change (FC). Furthermore, both univariate and multivariate random regression analyses
were conducted.

The expression level miRNA in the tested endometrial cancer tissue and in the control
group as logarithmic data are presented in Figure 1 and Table 3. The analyses revealed
that out of the three miRNAs tested, miR-205-5p (FC 1.4, p < 0.001) was upregulated, while
miR-222-3p (EC 0.94, p = 0.013) was downregulated. In addition, SNORD48 (FC 0.92,
p < 0.001) showed statistically significant changes in expression. After adjusting the p-value
using the Benjamin-Hochberg method, differences in miRNA concentration between the
study group and control group for miR-205-5p and SNORDA48 remained p <0.001; however,
for miR-222-3p, adjusted p = 0.022 (U6 and mir-21-5p remained statistically insignificant).

A o B C
7 7
e @ , !
o d = P 3° @
g g g
g i = 4
7 &
e 3 B
: b = |}
2 E 2 E 3
' f
o
Do p=0198 Io'so p<0.001 . p=0.013
0
Study group Control group Study group Control group Study group Control group
= D o B
o e
' T
g — —_— B
® ¢ (= 2}
é o
g 3 S,
2 2
' '
Do p<0.001 e p=0177
o
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Figure 1. The graphs show logarithmically transformed miR-21-5p (A), miR-205-5p (B), miR-222-3p
(C), U6 (D), and SNORD48 (E) expression in endometrial cancer tissues quantified by dPCR, where it
was shown that the expression of miR-205-5p in endometrial cancer tissue increased compared to the
control group, and the expression of miR-222-3p decreased.

62



Int. J. Mol. Sci. 2024, 25, 3286 8of21
Table 3. Expression of miRNAs in endometrial cancer tissue (N = 111).

. Study Group  Control Group 1
miRNA Mean + SD Mean + SD Fold Change log2FC p-Value
miR-21-5 5.73 £0.72 592 + 049 0.97 —0.05 0.198
miR-205-5p 3.74 £0.78 2.68 +0.71 1.4 048 <0.001
miR-222-3p 4.74 +£0.45 5.03 £ 0.32 0.94 —0.09 0.022
U6 4.35 £+ 0.59 4544033 0.96 —0.06 0.177
SNORD48 4.85 +0.44 5.3+ 025 0.92 -0.12 <0.001

T The comparisons were performed using independent t-test and U Mann-Whitney test depending on distribution
adjusted p value using the Benjamin-Hochberg method. The expression level of miRNA in the tested endometrial
cancer tissue is presented in the form of logarithmic data. It was shown that miR-205-5p was upregulated, while
miR-222-3p was downregulated. SNORDA48 showed statistically significant changes in expression.

In view of the fact that our study group differed significantly from the control group
and both groups differed in age and comorbidities, the remaining analyses were performed
by dividing the study group according to the degree of histopathological differentiation.

To investigate potential factors associated with the occurrence of EC, we performed
a univariate logistic regression analysis of clinical variables and miRNA expression levels.
It was found that age (OR 1.12, 95% CI: 1.06-1.20, p < 0.001), BMI, and hypertension were
significant clinical factors associated with the development of EC. Among the miRNAs
tested, two showed significant associations with endometrial cancer: miR-205-5p (OR 7.27,
95% CI: 2.96-22.4, p < 0.001) and miR-222-3p (OR 0.12, 95% CI: 0.02-0.53, p = 0.011).
Additionally, the study yielded statistically significant results for SNORD48 (OR 0.04,
95% CI: 0.008 to 0.24, p < 0.001) (Table 4).

Table 4. Univariate logistic regression analysis of factors and miRNAs affecting endometrial cancer
(N =111).

OR (Odds Ratio) 95% CI Lower 95% CI Upper p-Value
Age 112 1.06 1.20 <0.001
First period 0.88 0.65 119 0.405
Last menstrual period 1.12 0.995 1.26 0.061
Number of Births 1.36 0.92 2.09 0.140
At least one birth 1.37 0.41 3.996 0.585
More than one birth 1.598 0.59 4.29 0.349
More than two births 3.29 0.87 21.54 0.125
Number of Cesarean sections 0.76 0.41 1.59 0.41
At least one CS 0.68 0.21 2.596 0.532
More than one CS 0.57 0.13 4.05 0.508
Number of miscarriages 0.61 0.31 124 0.14
At least one miscarriage 0.51 0.17 1.73 0.244
BMI 1.23 1.096 142 0.001
Normal BMI (20-25) 0.16 0.05 0.47 <0.001
Obesity (BMI >= 30) 5.05 157 22.597 0.0137
Hypertension 7 2.18 31.33 0.003
Smoking 0.24 0.04 1.89 0.128
miR-21-5p 0.48 0.11 1.28 0.263
miR-205-5p T 2.96 224 <0.001
miR-222-3p 0.12 0.02 0.53 0.011
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Table 4. Cont.

OR (Odds Ratio) 95% CI Lower 95% CI Upper p-Value
Ue 0.56 0.24 1.31 0.178
SNORD48 0.04 0.008 0.24 <0.001

Important clinical factors associated with the development of EC are age, BMI, and hypertension. Among the
tested miRNAs, two showed a significant association with endometrial cancer: miR-205-5p (OR 7.27, 95% Cl:
2.96-22.4, p < 0.001) and miR-222-3p (OR 0.12, 95% CT: 0.02-0.53, p = 0.011). The study yielded statistically
significant results for SNORD48 (OR 0.04, 95% CI: 0.008-0.24, p < 0.001).

In the multivariate logistic regression analysis, only miR-205-5p (OR 6.05, 95%ClI:
0.38-19.59, p = 0.003) was found to be associated with endometrial cancer. This association
also persisted for SNORD48 (OR 0.01, 95%CI: 0.0003-0.47, p = 0.018) (Table 5).

Table 5. Multivariate logistic regression analysis of factors and miRNAs associated endometrial
cancer (N = 111).

OR (Odds Ratio) ~ 95% CI Lower  95% CI Upper p-Value

Age 1.01 0.93 11 0.739

Last menstrual period 0.98 0.78 1.22 0.836
BMI 1.16 0.97 14 0.11

Hypertension 2.76 0.38 20.05 0.314
miR-205-5 (log) 6.05 1.87 19.59 0.003

miR-222-3 (log) 2.76 0.38 20.05 0.264
SNORD#48 (log) 0.01 0.0003 0.47 0.018

It has been shown that miR-205-5p (OR 6.05, 95% CI: 0.38-19.59, p = 0.003) is associated with endometrial cancer.
This association also held for SNORD48 (OR 0.01, 95% CI: 0.0003-0.47, p = 0.018).

In addition, an analysis was performed in which the degree of histological differentia-
tion (grading) according to FIGO of endometrial cancer was considered and divided into
three groups:

- Gl—highly differentiated cancer (<5% of solid tissue)—30 patients;
- G2—moderately differentiated cancer (6-50% of the solid part)—47 patients;
- G3—poorly differentiated cancer (>50% of the solid tissue)—12 patients.

The division also included EIN (intraepithelial neoplasia)—22 patients.

In the next stage, the expression level of miRNAs was determined in individual
degrees of differentiation (G1, G2 and G3) and in EIN (Table 6).

The Kruskal-Wallis test was conducted to assess differences in the expression level
of miRNAs and was determined in individual degrees of differentiation (G1, G2 and
G3), EIN, and control group. The analysis revealed a significant overall difference in
concentration of U6, SNORDA48, and miR-205-5 between groups. Subsequent post hoc
analyses were performed to investigate pairwise group differences. Results indicated that
those pairs differed significantly: for U6, three out of ten pairs: G1 vs. G3 (p = 0.001),
G2 vs. G3 (p=0.002), and G3 vs. EIN (p = 0.022)); for SNORD48, two pairs out of ten:
G1 vs. control group (p < 0.001) and G2 vs. control group (p < 0.001)); and for miR-205-5,
five pairs out of ten: G1 vs. control group (p = 0.001), G2 vs. EIN (p = 0.006), G2 vs. control
group (p < 0.001), G3 vs. EIN (p = 0.013), and G3 vs. control group (p < 0.001). For 222-3p,
no statistical difference was seen in post hoc tests.

A univariate logistic regression analysis was conducted to examine the effect of the
studied miRNAs on individual degrees of differentiation in endometrial cancer. No sig-
nificant results were obtained for G1 and G2. The results of univariate logistic regression
analysis for EIN and G3 are presented in Tables 7 and 8. Statistical significance was achieved
for miR-205-5p (OR 0.48) in EIN (Table 7) and miR-21-5p (OR 0.49), miR-205-5p (OR 3.05),
U6 (OR 9.67), and SNORDA48 (OR 0.48) for G3 (Table 8).
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Table 6. Absolute expression of miR-21-5p, miR-205-5p, miR-222-3p, U6, and SNORD48 in individual
degrees of EC differentiation and EIN.

oo Control Group EIN G1 G2 a3 )
xpression N=19' N=221 N=30" N=471 N=12" #-Yalus,
(Copies/uL)
- 938,736 559,560 630,336 711,920 860,536 -
miR-21-op (118,688-3,424,496)  (177,664-2,858,160)  (39,392-2,333,184)  (115.04-2,591,056)  (56.96-2,264,720) 5
) 399.8 1590 33672 8067 20,360
miR-205-5p (32.5-7337) (155.5-45,008) (246.72-99,696) (64.1-113,472) (1858.6-94,824) <0.001
) 112,168 74,548 83,720 63,376 43,648
iy (35,104-421,912) (7464-224,816) (819.2-261,680)  (4096.8-315144)  (13,256-117,560) 058
Ue 17,264 19,032 16,482.4 (110"’3'3’5762_ 133,008 0001
(99264-119,536) (37616-113,680)  (1283.84-134,320) e (14,384-590,000) )
214,400 97,088 59,520 19,520 227,200
SNORD48 (37,168-394,592) (18,800-304,272) (665.6-493216)  (11,449.6-459344)  (9840-581,552) 000

! Median (Range); ? Kruskal-Wallis rank sum test. Analysis using the Kruskal-Wallis test showed a significant
overall difference in the concentration of U6, SNORD48, and miR-205-5, between the groups. Statistical significance
was demonstrated for miR-205-5p (p < 0.001), miR-222-3p (p = 0.058), U6 (p < 0.001), and SNORD4S8 (p < 0.001).

Table 7. Univariate logistic regression analysis of factors and miRNAs affecting EIN (N = 22).

miRNA OR 95% CI Lower 95% CI Upper p-Value
miR-21-5 0.48 0.11 1.28 0.263
miR-205-5p 0.48 0.25 0.86 0.018
miR-222-3p 1.74 0.59 6.12 0.35
ué6 0.8 0.34 1.8 0.594
SNORD48 1.48 0.51 4.76 0.492

Statistical significance in EIN was achieved for miR-205-5p (OR 0.48).

Table 8. Univariate logistic regression analysis of factors and miRNAs affecting G3 histological grade

(N=12).
miRNA OR 95% CI Lower 95% CI Upper p-Value
miR-21-5p 0.49 0.26 091 0.019
miR-205-5p 3.04 1.14 9.73 0.037
miR-222-3p 0.49 0.15 1.84 0.26
Ue 9.67 2.96 41.97 <0.001
SNORD48 5.69 1.09 38.01 0.053
Statistical significance in G3 was achieved for miR-21-5p (OR 0.49), miR-205-5p (OR 3.05), U6 (OR 9.67), and
SNORDA4S8 (OR 0.48).

Since age was found to be statistically significant (p < 0.001), the expression of indi-
vidual miRNAs in the endometrial cancer study group was determined depending on
age (< and >50 years of age). We obtained a statistically significant result in the case of
miR-205-5p (p = 0.041) (Table 9).

Table 9. Expression of miR-21-5p, miR-205-5p, miR-222-30, U6, and SNORD48 depending on age
only in the study group.

Absolute Expression (Copies/uL)  Age <50, N =171 Age>50,N=941 p-Value 2

764,944 698,576
(177,664-2,061,856) (56.96-2,858,160)

miR-21-5p 0.509
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Table 9. Cont.
Absolute Expression (Copies/uL)  Age<50,N =171 Age>50,N=941 p-Value 2

) 1590 5057.6

HER205-5) (155.5-113,472) (64.08-611,824) 004
) 42,850.7 78,764

mik2o0p (7464-223,040) (819.2-315,144) 0ides
26,192 19,167.2

Ue (3761.6-107,856)  (1034.72-3321,312) 202

SNORD48 7748 80.204 06

(14,462.4-184,144)

(665.6-581,552)

' Median (Range); > U Mann-Whitney Test. We obtained a statistically significant result in the case of miR-205-5p
(p = 0.041).

The study revealed a 1.23-fold increase in the risk of endometrial cancer with increasing
body mass index (BMI), as determined by univariate logistic regression analysis (p = 0.001)
(Table 4). Therefore, in patients with endometrial cancer, we analyzed the relationship
between individual miRNA expression and BMI. Patients were grouped by BMI (Table 10):
- 18.5-24.9—normal weight (14 patients);

- 25-29.9—overweight (43 patients);
- 30and above means obesity (54 patients).

Table 10. Division of patients depending on body mass index (BMI).

BMI St;d=y ICi;olup Con;\t]rgllgrloup p-Value?
Normal 14 (13%) 9 (47%)
Overweight 43 (39%) 7 (37%) <0.001
Obesity 54 (49%) 3 (16%)

T'n (%); 2 Chi? test.

In the study group, only 13% had normal body weight, and as many as 49% of patients
were obese.

The study group was divided depending on the differentiation of the tumor (Table 11).
In the EIN group, 86% of patients had abnormal body weight; in the G1 group, 90%; in the
G2 group, 89.3%; and in the G3 group, 81.8%.

Table 11. Division of patients examined in various degrees of differentiation depending on BMIL

BMI NilzNzl Nfsl.ol N=Gi71 N=Gi’21 p-Value *
Normal 3 (14%) 3 (10%) 5 (10.6%) 3 (18.2%)
Overweight 10 (45%) 11 (37%) 16 (34%) 6 (54.5%) 0.72
Obesity 9 (41%) 16 (53%) 26 (55.3%) 3 (27.3%)

"' n (%); 2 Chi? test.

Then, the absolute expression of individual miRNAs was determined depending
on BMI in the study group. However, we did not obtain statistically significant results
(Table 12).

Then, the expression of individual miRNAs was determined in the endometrial cancer
study group depending on the presence of comorbidities such as hypertension (Table 13),
diabetes (Table 14), and hypothyroidism (Table 15). No statistically significant results
were obtained.
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Table 12. Expression of miR-21-5p, miR-205-5p, miR-222-30, U6, and SNORD48 depending on BMI
only in the study group.

Absolute Expression (Copies/uL) g 0-1'111142\} O\ﬁr_u;e;ﬁht Sb_e;;t%' p-Value 2
. 1,092,576 694,496 631,112
TiR215p) (197,296-2,264,720) (56.96-2,858,160) (114.08-2,591,056) 0.088
2 6002 4009.2 4209.6
mik:20o:0p (259.5-96,128) (155.52-113,472) (64.08-611,824) 0.869
i 69,112 69,752 66,988
ik n (4460.8-315,144) (7088.8-261,680) (819.2-233,960) 28
U6 30,168 18,704 18,936 0421
(5124.8-314,608) (1283.84-3,321,312) (1034.72-388,256) :
94,232 91,632 64,048
el (26,272-354,656) (665.6-581,552) (6481.6-519,488) e
1 Median (Range); 2 Kruskal-Wallis test. No statistically significant results were obtained.
Table 13. Expression of miR-21-5p, miR-205-5p, miR-222-3p, U6, and SNORD48 depending on
hypertension (HA) only in the study group.
Absolute Expression (Copies/uL) HA—,N=481 HA+ N=63"1 p-Value 2
3 747,056 697 472
auRZl-p (115.04-2,858,160) (56.96-2,591,056) el
. 3674.8 4379.6
HiR=205550 (64.08-113,472) (0-611,824) s
. 73,768 63,240
miR=222-2p (4460.8-223,040) (819.2-315,144) 4ot
19,104 19,390.4
Ve (1283.84-590,000) (1034.72-3,321,312) L
83,224 77 A88
SNORDA4S (665.6-354,656) (6481.6-581,552) 0882
I Median (Range); 2u Mann-Whitney test. No statistically significant results were obtained.
Table 14. Expression of miR-21-5p, miR-205-5p, miR-222-3p, U6, and SNORD48 depending on
diabetes (DM) only in the study group.
Absolute Expression (Copies/uL) DM—,N=90" DM+, N=21" p-Value 2
5 631,728 799,984
miR-21-5p (56.96-2,858,160) (161,648-2,210,368) e
. 3855.2 8424
miX20o-2p (64.08-611,824) (692.24-92,712) 010
; 71,460 59 248
miR:222:3p (4096.8-315,144) (819.2-261,680) L
18,816 24,624
e (1034.72-3,321,312) (3926.4-134,320) a7z
86,920 58,704
SHORDAS (665.6-581,552) (6481.6-493,216) 0:401,

! Median (Range); > U Mann-Whitney test. No statistically significant results were obtained.
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Table 15. Expression of miR-21-5p, miR-205-5p, miR-222-3p, U6, and SNORD48 depending on
hypothyroidism only in the study group.

Absolute Expression (Copies/uL) Hypothyroidism—, N =88 ! Hypothyroidism+, N =231 p-Value 2
miR-21:58 (56.92%2%5,1 60) (166,5235%3?0,368) 0:726
mis2oop (64.0?3?);664) (692.2445;4;(;,824) 0:3%
miR-222:3p (4096?:53%(:']3,144) (81942%;3:816) Q122

b6 (1034.7220—'3,23021,312) (1964@71%:320) 03852
SNORDAS (66523:';):16 552) (64816.'251}3?’),216) Glag

! Median (Range); > U Mann-Whitney test. No statistically significant results were obtained.

The study also assessed miRNA stability analysis (reference miRs U6 and SNORD48)
using NormiRazor. NormiRazor is a tool that implements three different existing nor-
malization algorithms—geNorm, NormFinder, and BestKeeper. The originally estimated
U6 and SNORD48 were found to be unstable. Stability analysis was performed on single
miRNAs and a combination of two miRNAs (U6 and SNORD48). However, none of the
miRNAs tested, used singly or in combination, are stable enough in endometrial cancer
tissue to be applied as a reference miRNA (Table 16). These results show that both U6 and
SNORD#48 are not good reference miRNAs for endometrial cancer.

Table 16. Single miRNA stability analysis.

miRNA GeNorm Stability NormFinder Stability BestKeeper Stability Average Stability
Ue 0.29 0.07 0.27 0.21
SNORD48 0.29 0.05 0.17 0.17
U6+SNORD48 0.17 0.04 0.11 0.33

The study assessed miRNA stability analysis: miR U6 and SNORD48 using NormiRazor. U6 and SNORD48 were
found to be unstable. Stability analysis was performed on single miRNAs and a combination of two miRNAs (U6
and SNORD48). However, none of the miRNAs tested, used alone or in combination, are sufficiently stable in
endometrial cancer tissue to be used as a reference miRNA.

3. Discussion

Our study included 130 patients, with 111 in the study group and 19 in the control
group. All patients had endometrial material collected during hysterectomy. Our control
group consisted of endometrial tissues collected from patients undergoing surgery due to
pelvic organ prolapse or uterine fibroids.

This study observed changes in miRNA expression levels in endometrial cancer tissue.
In particular, miR-205-5p was upregulated, while miR-222-3p was downregulated, in
comparison to the control group. In contrast, altered miR-21-5p expression was only
significant in histological group G3.

In the study we observed increased expression of miR-205-5p in the endometrial
cancer study group compared to the control group (FC 1.4, p < 0.001). Furthermore, we
confirmed the association of elevated miR-205-5p expression in patients with endometrial
cancer through univariate (OR 7.72, p = 0.037) and multivariate (OR 6.05, p = 0.003) logistic
regression analyses. The levels of miRNAs were analyzed in different histopathological
differentiation groups (EIN, G1, G2, and G3). It was observed that miR-205-5p is overex-
pressed in patients diagnosed with EIN (p = 0.018) and in stage G3 endometrial cancer
(p = 0.037). This observation is very important because we know that miR-205-5p causes
a decrease in the expression of PTEN, which is a tumor suppressor gene and thus may influ-
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ence carcinogenesis [29]. MiR-205-5p can also increase cancer cell proliferation and reduce
apoptosis by affecting FOXO1. Understanding these mechanisms in more detail may have
an impact on inhibiting carcinogenesis in EC through the use of miR-205-5p inhibitors [32].

Additionally, Xin W. et al. demonstrated a significant increase in miR-205-5p expres-
sion in endometrial cancer tissues. This study was based on endometrial tissue material
obtained from 60 patients (30 patients constituted the study group and 30 patients con-
stituted the control group). The control group included, similarly to our study, women
treated for diseases not related to endometrial tissue, i.e., uterine fibroids and pelvic organ
prolapse. In our study, the tissue material was obtained by hysterectomy or curettage of
the uterine cavity only during hysterectomy [34]. Kulinczak et al. demonstrated higher
expression of miR-205-5p not only in EC tissue, but also in tissue adjacent to the tumor.
This study was based on a 49-person study group and a 25-person control group [44].

Most studies suggest that miR-222-3p has oncogenic effects on cancer cells [35,37,45].
The selection and inclusion of miR-222-3p in the study was due to its potential impact
on EC development [35]. Previous studies show that miR-222-3p has an oncogenic effect
by regulating MMP2 (matrix metalloproteinaza), MMP9, TRPS1 (trichorhinophalangeal
syndrome type 1), and CDKN1C/p57 (cyclin-dependent kinase inhibitor 1C) [35,46,47].
Our observations do not confirm the oncogenic role of miR-222-3p and put this microRNA
in a new light. Our study revealed that miR-222-3p was downregulated in endometrial
cancer tissues (FC 4.74, p = 0.013). In contrast, significant changes in miR-222-3p expression
levels were not demonstrated among the different histopathological classification groups.
However, it is interesting to note that the levels of miR-222-3p tend to decrease across all
groups, with the lowest expression observed in G3. Our study suggests a rather suppressive
role of miR-222-3p and offers new therapeutic possibilities. By inducing an increase in the
expression of miR-222-3p, we may be able to inhibit the proliferation of EC cells.

Another study on endometrial cancer showed an increase in miR-222-3p expression,
but in ERa-negative tissues, while miR-222-3p expression was significantly lower in ER«-
positive tissues. In this study, the expression level of miR-222-3p was inversely correlated
with the expression of ERx, and the expression level of miR-222-3p was lower in lower
grade tumors. The study was conducted on a group of 75 patients [35].

However, a completely different role of miR-222-3p was demonstrated by Fu et al. in
a study conducted on a group of 74 patients with ovarian cancer. In this study, miR-222-3p
acts as a suppressor of ovarian cancer. Researchers found longer survival in ovarian cancer
patients with high levels of miR-222-3p, compared to a group of patients with low levels of
miR-222-3p. This study shows that miR-222-3p may be a better prognostic indicator for
ovarian cancer patients [36].

MiR-21-5p is a well-described PTEN inhibitor [16]; researchers have also described its
promoting effect on EMT [11], which is why we decided to choose this oncogenic microRNA
for our studies. However, no significant differences in miR-21-5p expression were observed
in the EC study group compared to the control group.

Additionally, there were no statistically significant changes in miR-21-5p expression
levels for any degree of histopathological differentiation compared to the control group.
However, when analyzing the individual histopathological groups, a statistically significant
increase in miR-21-5p expression was observed in histopathological differentiation G3
compared to the other classification groups (OR = 0.49, p = 0.019).

Although this miRNA is one of the most consistently expressed miRNAs in al-
most all types of human cancer, and may be a useful clinical biomarker and therapeutic
target [18,19,22], it also increases in endometrial cancer. Sato et al. described high miR-21-
5p expression in EC cells, and it was associated with greater disease progression and lymph
node metastases [48].

Bouziyane et al. demonstrated the high diagnostic efficacy of miR-21-5p in their
research. This study included a large group of 71 endometrial cancer tissues, 53 adjacent
tissues, and 54 benign lesions [49].
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In our study, we did not obtain a significant miR-21-5p result in EIN using univariate
logistic regression, but a statistically significant result appeared in G3 (p = 0.019). Similar
observations were reported by Sato et al. Sato et al. examined the relationship between
miR-21-5p expression and clinicopathological characteristics. The study was conducted
on a large number of patients with uterine corpus cancer; the entire group consisted of
230 patients, and there were 176 endometroid carcinomas (G1 = 77, G2 = 51, G3 = 48).
Researchers showed high expression of miR-21-5p in cancer cells with a higher histological
grade (G3 vs. G1, G2) in the case of endometrial cancer, p < 0.0001. However, they did
not show any relationship between miR-21-5p expression and patient age (<60 vs. >60) or
FIGO stage (stage I/1l vs. I1I/1V) in their study [39].

Comorbidities are well-known risk factors for endometrial cancer and have been
described previously [48,50-53]. The above data were analyzed using univariate logistic
regression. As a result of this analysis, we confirmed that the patients’ age, BMI, and
hypertension influence the incidence of endometrial cancer. The study group with endome-
trial cancer was divided according to the presence of comorbidities or without comorbid
diseases. A statistically significant result was obtained in the group divided by patient
age (p = 0.041). In this group, the expression of miR-205-5p was upregulated in the group
>50 years of age. We did not obtain statistically significant results in the groups with
hypertension, diabetes, or hypothyroidism.

In the knowledge that obesity is a significant risk factor for endometrial cancer [54],
we also included this parameter in our study. As a result of our analysis, we confirmed that
BMI is a risk factor for endometrial cancer (p < 0.001). It was concluded that there is
a positive correlation between an increase in BMI and the risk of endometrial cancer
(OR 1.23, p = 0.001). Furthermore, we analyzed the impact of BMI on the expression of
the studied miRNAs in patients with endometrial cancer. However, we did not find any
significant differences in miRNA expression between EC patients with a normal BMI and
those who were overweight or obese. In EC patients with a higher-than-normal BMI, there
was a trend for decreased miR-21-5p expression, although this result did not reach statistical
significance. However, obesity and changes in miRNAs were described in previous works
as a cancer risk factor [55]. Rodrigues et al. also showed increased miR-21-5p expression in
obese individuals with hepatocarcinogenesis [56].

Our research shows that SNORDA4S8 is not stable and its expression differs significantly
in tissues from patients and in tissues from healthy people. This study showed that
SNORD48 expression was downregulated in endometrial cancer tissue compared to the
control group (FC 0.92, p < 0.001). Furthermore, SNORD48 was identified as a factor
in the development of endometrial cancer in both univariate (OR 0.04, p < 0.01) and
multivariate (OR 0.01, p = 0.018) logistic regression analyses. Furthermore, an analysis
of the study group divided into histopathological grades revealed changes in SNORD48
expression. There was a higher expression of SNORD48 in the G3 group compared to the
other histopathology groups, including EIN. The relationship was statistically significant
(p < 0.001). Furthermore, we demonstrated the instability using the NormiRazor tool.

To date, the data on the effects of SNORD48 on endometrial cancer are limited. How-
ever, some studies suggest a potential link between SNORD48 and cancer. Egidi et al.
studied urinary miRNAs in prostate cancer patients and SNORD48 exceeded the limits
of acceptability [40].

Shen et al. examined SNORD:s in colorectal cancer patients and observed upregulation
of SNORDs 48 [57]. Rapti et al. used SNORD48 as a reference gene in colorectal cancer [58].
Bignotti et al. used SNORDA48 in a study of serous undifferentiated ovarian cancer and it
emerged as the best reference gene [39]. Mase et al. assessed the stability of five reference
genes (U6, SNORD48, SNORD44, miR-16, and 5S) in atrial tissues of 18 cardiac surgery
patients in sinus rhythm and atrial fibrillation. All quantitative stability methods ranked
SNORDA4S8 as the best reference gene [59].
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In conclusion, our studies suggest that SNORD48 may influence the development of
endometrial cancer. However, further research is needed to better understand the role of
SNORD#48 in the development of endometrial cancers.

The second miRNA that we planned to use as a reference is U6 (RNU6-1). It is
recommended to use this miRNA as a control for endometrial cancer. Jurcevic et al.
examining endogenous control genes in a rat model of endometrial cancer, and detected
significant differences in U6 expression between malignant and non-malignant samples
(p < 0.05) [42].

In this study, no statistically significant changes in U6 expression were observed
between the study and control groups. However, the differences in U6 expression in
different degrees of histological differentiation were unexpected, indicating its instability.
The expression of this miRNA decreased in the early phases (EIN, G1, and G2), whereas
it increased in G3 compared to the control group (p < 0.001). Furthermore, we assessed
the stability of U6 in endometrial cancer tissue using the NormiRazor tool. The analysis
confirmed the low stability of this miRNA. Therefore, we could not use U6 as a reference
gene. The explanation of U6 expression changes in different histological grades requires
further research.

4. Materials and Methods
4.1. Tissues Samples

The study involved 111 patients diagnosed with endometrial cancer. All diagnoses
were confirmed by previous histopathological tests. These patients came to the Department
of Gynecology, Gynecology Oncology and Obstetrics of the Fryderyk Chopin University
Hospital in Rzeszow between 03/2021 and 09/2022 to start oncological treatment. The
study also included 19 healthy women (without endometrial cancer) operated on in the
local clinic due to pelvic organ prolapse or uterine fibroids, and they formed a control
group. All women consented to the use of tissues for genetic testing Consent of the Bioethics
Committee of the District Medical Chamber of 21 May 2020, resolution No. 54/B/2020.
None of the patients received hormonal therapy, radiotherapy, or chemotherapy before
sample collection.

4.2. MiRNA Isolation from Tissue Samples

The endometrial cancer tissue samples were frozen at —80 °C and stored in RNApro-
tect Tissue Reagent (Qiagen, Hilden, Germany). Isolation of total RNA, including miRNA,
from cancer tissue was performed using the miRNeasy Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s protocol. Initially, tissues thawed on ice were transferred
to tubes containing 700 uL of QIAzol Lysis Reagent and then homogenized by sonication.
After the addition of chloroform and centrifugation (15 min at 12,000x g at 4 °C), the
upper aqueous phase containing total RNA, including miRNA, was mixed in new tubes
with ethanol and then transferred to an RNeasy MiniElute Spin Column and washed. The
RWT washing buffer was diluted in isopropanol. During the purification procedure, DNA
digestion was performed using the RNase-free DNase kit (Qiagen, Hilden, Germany).
A quantity of 30 uL of RNase-free water was used to elute the RNA. The RNA concen-
tration was measured using the NanoDrop™ 2000c Spectrophotometer (ThermoFisher
Scientific, Waltham, MA, USA), diluted to the final RNA concentration of 5 ng/uL, and
then used. The quality of the isolated RNA was also assessed by electrophoretic separation
on a 1% agarose gel. The RNA was reverse transcribed immediately after isolation.

4.3. Reverse Transcriptase Reaction and dPCR Method

MiRNAs were polyadenylated using poly(A) polymerase and reverse transcribed into
c¢DNA using oligo-dT primers, which have a degenerate 3’ anchor that allows miRNA
amplification in a real-time PCR reaction. Polyadenylation and reverse transcription
were conducted in parallel in the same tube. CDNA was synthesized according to the
manufacturer’s guidelines using the miRCURY LNA Reverse Transcription Kit (Qiagen,
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Hilden, Germany). The reactions were performed in a final volume of 10 L, using 10 ng of
RNA. The RT reaction was incubated at 42 °C for 60 min and inactivated at 95 °C using
a T100™ 96-well thermocycler (Bio-Rad, Hercules, CA, USA). The cDNA was stored at
—20 °C until further use.

The study used dPCR to quantify absolute expression of selected miRNAs expression
by combining the limiting dilution, PCR endpoint, and Poisson statistics. QIAcuity System
dPCR (Qiagen, Hilden, Germany) was used to determine the absolute expression of the
miRNAs tested. The digital PCR (dPCR) technique uses microfluidic nanoplate technology.
This method allows the quantification of nucleic acids based on measuring the fluorescence
endpoint of each partition. The absolute expression for the miRNAs was determined: hsa-
miR-21-5p, hsa-miR-205-5p, hsa-miR-222-3p, U6 snRNA (hsa, mmu), SNORDA48 (hsa) using
miRCURY LNA miRNA PCR Assay applying a Nanoplate 8.5 K 96-well (Qiagen, Hilden,
Germany). An optimization was performed before the assays to select an appropriate
concentration of cDNA and avoid partition overload. The optimization was conducted
separately for each miRNA by analyzing a range of dilutions from 10-fold to 100-fold
relative to the starting material. For dPCR reactions, miR-205-5p and miR-222-3p were
used at a 20x dilution, while miR-21-5p, SNORD48, and U6 were used at a 40x dilution.
A 12 pL reaction mixture was prepared, consisting of 4 pL. Eva Green Master Mix (3x),
1.2 uL miRCURY LNA PCR primers (10x), and 3 uL of diluted cDNA. The samples were
loaded into the wells of a 96-well PCR nanoplate, which was then sealed with an OIAcuity
nanoplate seal. Thermal cycling conditions were as follows: 95 °C for 2 min, then 45 cycles
of 95 °C for 15 s and 60 °C for 1 min, and three final steps at 4 °C for 5 min. The plate was
read in the green channel using the parameters of an exposure time of 500 ms and a gain of 6.
In our study, the lowest detectable values were for miR-205-5p, 32.5 copies/ uL; miR-222-3p,
819.2 copies/puL; miR-21-5p, 56.96 copies/ uL; SNORDA48, 665.6 copies/uL; and U6, 1034.72
copies/ pL. Initially, snRNAs U6 and SNORD48 were selected as potential reference genes.
Due to the lack of stability in the SNORDA48 and U6 reference gene samples, we present the
results only as absolute expression (copies/uL). The calculations were performed using
QIAcuity software version 2.1.8 (Qiagen, Hilden, Germany).

Figure 2 shows the workflow for the experiment and analysis of the data.

| Tissue collection J

1l

| microRNA isolation l

| Reverse transcription |

Analysis of absolute
expression by QIAcuity
software

Il

ﬁStaﬁsﬁcal analysis I

Figure 2. Diagram showing the steps in our research.
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4.4. Statistical Analysis

Statistical analyses were performed for the following subgroups: tissue, tissue (study
group only), tissue (control group only).

MiRNA expression quantified by dPCR was logarithmically transformed to obtain
a normal distribution of the data. MiRNA stability analysis was then assessed using
NormiRazor. NormiRazor is a tool that implements three different existing normalization
algorithms—geNorm, NormFinder, and BestKeeper. The originally estimated U6 and
SNORD48 snRNAs were found to be unstable; therefore, the data were not normalized by
these miRNAs. This approach results in higher log values for higher miRNA expression,
allowing simple interpretation of biomarkers. Patient data and differential expression
analysis for quantitative variables was performed using the independent ¢ test, Welch’s
t test, and Mann-Whitney U or Kruskal-Wallis test depending on the distribution of
variables and equality of variances tested by the Shapiro-Wilk test and Levene’s test,
respectively. For qualitative variables, the chi2 test was used with Yate’s correction and
Fisher’s exact test when needed, depending on sample size. Univariate logistic regression
analysis was used to assess the impact of individual factors on the occurrence of endometrial
cancer. Subsequently, statistically significant variables identified in the univariate analysis
were included in a multivariate logistic regression model. Nominal variables are presented
as numbers and percentages or as median (range or interquartile range) and mean (SD),
depending on the normality of their distribution. Statistical analysis was performed using
Statistica 13.1 (Tibco, Palo Alto, CA, USA) and R version 4.2.1. p-values less than 0.05 were
considered significant.

5. Conclusions

Our study was based on calculations performed by digital PCR to determine the
expression of the studied miRNAs in patients with endometrial cancer. Expression changes
in endometrial cancer tissue were observed for miR-205-5p, miR-222-3p, and SNORD48. In
the endometrial cancer tissue, miR-205-5p was upregulated compared to the control group,
while miR-222-3p and SNORDA48 were downregulated. We also observed an association
between miR-205-5p, U6, and SNORDA48 expression levels and histological grades. The
expression level of U6 varied in different stages of EC, suggesting its lack of stability. We
found no association between the expression of the miRNAs studied and body mass index
or other comorbidities in patients with endometrial cancer.

In this study, SNORD48 and U6 did not meet the expectations of a reference miRNA
because they may also influence the development of endometrial cancer, suggesting that
they should not be used as reference miRNAs in endometrial cancer. However, further
research is needed to better understand the role of SNORD48 and U6 in the development
of endometrial cancers.

Our research requires confirmation in a larger group of patients and an increase in
the number of miRNAs tested. It creates new diagnostic possibilities and, through new
targeted therapies, it gives us new treatment possibilities.

Limitations

Our study had some limitations. The first was the control group, which consisted of
only 19 patients.

There was also an uneven distribution of patients in particular groups of histopatho-
logical differentiation—the EIN group consisted of 22 patients, the G1 group consisted of
30 patients, the G2 group consisted of 47 patients, while the G3 group consisted of only
12 patients.
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W przeprowadzonym badaniu dokonano szczegdtowej analizy zmian ekspresji trzech
mikroRNA: miR-21-5p, miR-205-5p oraz miR-222-3p w tkance endometrium pacjentek
z rakiem endometrium. Lacznie w badaniu uczestniczylo 130 kobiet — 111 pacjentek
z rozpoznanym EC (grupa badana) oraz 19 zdrowych kobiet (grupa kontrolna).
U wszystkich uczestniczek materiat endometrium zostat pobrany podczas operacji

histerektomii.

W badaniu zaobserwowano istotne zmiany poziomow ekspresji analizowanych
mikroRNA w tkance nowotworowej. Szczegoélnie zauwazalna byla nadekspresja
miR-205-5p w grupie badanej (4009.2 copies/ul) w porownaniu do grupy kontrolnej
(181.52 copies/ul). Z kolei ekspresja miR-222-3p bylta istotnie obnizona w tkance raka
endometrium (69 752 copies/pl) wzgledem grupy kontrolnej (112 168 copies/pl).
W przypadku miR-21-5p, istotna réznica w ekspresji zostata odnotowana jedynie
w podgrupie pacjentek z nowotworem o wysokim stopniu zto§liwosci histologiczne;j
(G3), gdzie poziom ekspresji wynosit 860 536 copies/ul w porownaniu do 938 736

copies/ul w grupie kontrolne;.

W  przeprowadzonym badaniu zaobserwowano istotng nadekspresj¢ miR-205-5p
w grupie pacjentek z rakiem endometrium w poréwnaniu z grupa kontrolng
(FC 1.4; p < 0.001). Zwiazek ten zostal dodatkowo potwierdzony za pomoca analizy
regresji logistycznej zaro6wno jednowymiarowej (OR 7.72; p = 0.037), jak
1 wielowymiarowej (OR 6.05; p = 0.003). Poziomy miRNA analizowano takze
w r6znych grupach zréznicowania histopatologicznego (EIN, G1, G2 1 G3).
Zaobserwowano istotng nadekspresj¢ miR-205-5p u pacjentek ze zdiagnozowanym
EIN (p = 0.018), jak 1 w grupie chorych o wysokim stopniu rozwoju raka endometrium
G3 (p = 0.037). Odnotowane zmiany majg istotne znaczenie biologiczne, poniewaz
wiadomym jest, ze miR-205-5p powoduje obnizenie ekspresji PTEN 1w ten sposdb moze
wplywa¢ na kancerogeneze [77]. Dodatkowo miR-205-5p moze rdéwniez nasilaé
proliferacje komorek nowotworowych 1 hamowa¢ apoptoze poprzez wptyw na FOXOI.
Lepsze zrozumienie tych mechanizméw moze oddzialywa¢ na hamowanie

kancerogenezy w EC poprzez zastosowanie inhibitorow miR-205-5p [78].

Xin W. 1 wsp. rowniez wykazali istotny wzrost ekspresji miR-205-5p w tkankach raka
endometrium. Badanie to zostalo oparte na materiale tkanki endometrium pobranym od

60 pacjentek (30 stanowilo grupe badawcza, a 30 grupe kontrolng). Grupe kontrolnag,
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podobnie jak w naszym badaniu, stanowily kobiety leczone z powodu chordb
niezwigzanych z tkanka endometrium, tj. mi¢dniakéw macicy i wypadania narzadow
miednicy mniejszej 1 material tkankowy pobrano poprzez histerektomie lub
lyzeczkowanie jamy macicy [80]. Ponadto Kulinczak i wsp. wykazali nadekspresje
miR-205-5p nie tylko w tkance EC, ale rowniez w tkance sasiadujacej
z guzem. Badanie to zostato oparte na 49-osobowej grupie badawczej i 25-osobowe;j

grupie kontrolnej [118].

Wigkszo$¢ badan sugeruje, ze miR-222-3p ma onkogenne dziatanie na komorki
nowotworowe [59, 84, 119]. Wybdr 1 wlaczenie miR-222-3p do badania wynikato z jego
potencjalnego wplywu na rozw6j EC [59]. Poprzednie badania pokazuja, ze miR-222-3p
ma onkogenne dzialanie poprzez regulacje MMP2, MMP9 (ang. matrix metallopeptidase
2,9), TRPSI (ang. transcriptional repressor GATA binding 1) i CDKNI1C/p57 (ang. cyclin
dependent kinase inhibitor 1C) [59, 120]. Wyniki uzyskane w omawianym badaniu nie
potwierdzaja onkogennej roli miR-222-3p, sugerujac jednoczesnie, ze mikroRNA to
moze petic¢ funkcje supresora nowotworowego. Stawia to miR-222-3p w nowym §wietle
1 otwiera mozliwos$ci dalszych badan nad jego potencjalnym znaczeniem terapeutycznym.
Badanie wykazato, ze ekspresja miR-222-3p ulegla obnizeniu w tkankach raka
endometrium w poréwnaniu z grupa kontrolng (FC 0.94; p = 0.013). Natomiast nie
wykazano istotnych zmian w poziomach ekspresji miR-222-3p pomigdzy
poszczegbdlnymi grupami zrdznicowania histopatologicznego. Interesujace jest jednak to,
ze poziomy miR-222-3p majg tendencj¢ do zmniejszania si¢ we wszystkich grupach, przy
czym najnizsza ekspresj¢ zaobserwowano w G3 (grupa kontrola 112 168 copies/pl;
EIN 74 548 copies/ul; G1 83 720 copies/ul; G2 63 376 copies/pl; G3 43 648 copies/pl.
Uzyskane wyniki sugeruja raczej supresyjng role miR-222-3p w rozwoju raka
endometrium. Mozliwo$¢ indukowania wzrostu jego ekspresji moze mie¢ potencjat

terapeutyczny — poprzez hamowanie proliferacji komorek nowotworowych w EC.

Inne badanie dotyczace raka endometrium wykazalo nadekspresje miR-222-3p
w tkankach ERa-ujemnych, podczas gdy ekspresja tego mikroRNA byta istotnie nizsza
w tkankach ERa-dodatnich. W tym badaniu poziom ekspresji miR-222-3p byt odwrotnie
skorelowany z ekspresja ERa, a poziom ekspresji miR-222-3p byl nizszy w nowotworach

0 nizszym stopniu ztosliwosci. Badanie przeprowadzono na grupie 75 pacjentow [59].
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Zupehie inng rolg miR-222-3p wykazali Fu i wsp. w badaniu przeprowadzonym na
grupie 74 pacjentek z rakiem jajnika. W tym badaniu miR-222-3p dziata jako supresor
raka jajnika. Naukowcy odnotowali dtuzsze przezycie u pacjentek z rakiem jajnika
z nadekspresja miR-222-3p w poroOwnaniu z grupg o obnizonym poziomie ekspresji
miR-222-3p. Badanie to pokazuje, ze miR-222-3p moze by¢ lepszym wskaznikiem

prognostycznym dla pacjentek z rakiem jajnika [83].

Jako onkogen w raku endometrium uznawany jest miR-21-5p, jest on dobrze opisanym
inhibitorem PTEN [92]. Badacze wskazali rowniez jego rol¢ w promowaniu EMT [24],
co stanowito podstawe do wiaczenia go do badania. W analizie grupy pacjentek z EC nie
zaobserwowano jednak istotnych statystycznie réznic w poziomach ekspresji miR-21-5p
w poréwnaniu z grupa kontrolng. Ponadto brak byto statystycznie istotnych zmian
w poziomach ekspresji miR-21-5p w poszczegoélnych stopniach zrdznicowania
histopatologicznego wzgledem grupy kontrolnej. Warto jednak zauwazy¢, ze w analizie
poszczegblnych grup histopatologicznych zaobserwowano statystycznie istotny wzrost
ekspresji miR-21-5p w zréznicowaniu histopatologicznym G3 w poréwnaniu z innymi

grupami klasyfikacyjnymi (OR =0.49; p = 0.019).

MiR-21-5p jest jednym z najbardziej konsekwentnie wyrazanych miRNA w niemal
wszystkich typach ludzkich nowotworow 1 moze by¢ uzytecznym klinicznie
biomarkerem i celem terapeutycznym [99, 100, 103], zwigksza si¢ on réwniez w raku
endometrium. Sato 1 wsp. opisali nadekspresj¢ miR-21-5p w komoérkach EC 1 byta ona

zwigzana z wigkszym postgpem choroby i przerzutami do weztéw chtonnych [91].

Bouziyane 1 wsp. wykazali wysoka skuteczno$¢ diagnostyczng miR-21-5p w swoich
badaniach, ktore dotyczyly grupy 71 probek tkanek raka endometrium, 53 prébek tkanek
sasiadujacych oraz 54 przypadkéw tagodnych zmian [121].

W naszym badaniu nie uzyskaliSmy istotnego wyniku dotyczacego zmian ekspresji
miR-21-5p w grupie EIN przy uzyciu jednowymiarowej regresji logistycznej, jednak
statystycznie istotny wynik zaobserwowano w grupie pacjentek z rakiem endometrium
o wysokim stopniu zroznicowania histopatologicznego G3 (p = 0.019). Podobne
obserwacje zgtosili Sato 1 wsp., ktorzy zbadali zwigzek migdzy ekspresjag miR-21-5p
a cechami kliniczno-patologicznymi. Badanie przeprowadzono na duzej liczbie pacjentek

z rakiem trzonu macicy. Cata grupa liczyta 230 pacjentek, w tym 176 z rakiem
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endometroidalnym (G1 = 77, G2 = 51, G3 = 48). Naukowcy wykazali nadekspresj¢
miR-21-5p w komoérkach nowotworowych o wyzszym zréznicowaniu histologicznym
(G3 vs. G1, G2, p <0.0001) w przypadku raka endometrium, natomiast nie wykazano
zadnego zwigzku pomiedzy ekspresjag miR-21-5p a wiekiem pacjentki (<60 vs. >60),
jak réwniez pomiedzy stopniami zaawansowania choroby wedtug klasyfikacji FIGO

(stopien I/IT vs. III/IV) [91].

Choroby wspolistniejace sg znanymi czynnikami ryzyka raka endometrium i zostaly
opisane w literaturze [91, 113, 122-124]. Uzyskane w badaniu dane zostaty
przeanalizowane przy uzyciu jednowymiarowej regresji logistycznej. W wyniku tej
analizy potwierdzono, ze wiek pacjentek, BMI i nadci$nienie wptywaja na czesto$¢
wystepowania raka endometrium. Grupa badawcza z rakiem endometrium zostala
podzielona wedlug obecnosci chorob wspétistniejacych lub  braku choréb
wspotistniejacych. Statystycznie istotny wynik uzyskano w grupie podzielonej wedlug
wieku pacjentek (p = 0.041). W grupie pacjentek >50 lat poziom miR-205-5p ulegt
nadekspresji. Natomiast w podgrupach pacjentek z nadci$nieniem, cukrzyca lub
niedoczynnoscig tarczycy nie stwierdzono istotnych statystycznie roznic w ekspresji

analizowanych mikroRNA.

Ze wzgledu na to, ze otyto$¢ jest istotnym czynnikiem ryzyka raka endometrium [123],
parametr ten zostat wtaczony do badania. W wyniku analizy potwierdzono, ze BMI jest
czynnikiem ryzyka raka endometrium (p < 0.001). Zaobserwowano dodatnig korelacje
migdzy wzrostem BMI a ryzykiem rozwoju raka endometrium (OR 1.23; p = 0.001).
Ponadto przeanalizowano wptyw BMI na ekspresj¢ badanych miRNA u pacjentek
z rakiem endometrium. Nie stwierdzono jednak istotnych réznic w ekspresji miRNA
miedzy pacjentkami EC z prawidlowym BMI a tymi z nadwaga lub otytoscig. U pacjentek
EC z wyzszym niz prawidlowy BMI wystapila tendencja do obnizonej ekspres;ji
miR-21-5p, chociaz wynik ten nie osiggnal istotnosci statystycznej. Warto zaznaczy¢, ze
otytos¢ 1 zmiany w ekspresji mikroRNA zostaty opisane w innych pracach jako czynnik
ryzyka nowotworow [125]. Rodrigues 1 wsp. wykazali réwniez zwiekszong ekspresje

miR-21-5p u 0séb otylych z hepatokancerogeneza [126].

Poczatkowo do badania wybrano snRNA U6 i SNORD48 jako potencjalne geny
referencyjne. Ze wzgledu na brak stabilnosci zaréwno SNORDA48, jak 1 U6

w analizowanych probkach, zdecydowano si¢ na prezentacje wynikow ekspresji miRNA
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w postaci bezwzglednych wartosci (kopie/ul). Takie podejscie pozwala na uniknigcie
bledow zwigzanych z nieodpowiednig normalizacja i umozliwia wiarygodng ocen¢

poziomu ekspresji miRNA w badanych grupach.

SNORD48 (Small Nucleolar RNA, C/D Box 48; RNU48) jest jednym z wielu matych
jadrowych RNA wyznaczonych jako cztonkowie rodziny SNORD, ktérych ekspresja jest
na statym poziomie w wielu tkankach. Dlatego tez jest czgsto uzywany jako referencyjny
w badaniach nad poziomem ekspresji miRNA obok takich gendw jak np. U6, SNORD44.
Geny referencyjne badali Torres 1 wsp., ktorzy analizowali ich stabilno$¢ u pacjentek
z rakiem endometrium. Wykazali, ze RNU48 byt jednym z najbardziej stabilnych genow
w EC. Naukowcy wykorzystujacy zarowno NormFinder, jak 1 geNorm

(https:/norm.btm.umed.pl) wskazali, ze SNORD48 byl optymalny do normalizacji

danych qPCR w tkankach EC, byl rowniez wyrazany w réwnym stopniu mig¢dzy
prébkami normalnymi i probkami guza [127]. Podobne obserwacje poczynili Bignotti
1 wsp., ktorzy analizowali stabilnos§¢ SNORD48 w raku jajnika 1 wykazali,
ze jest on stabilny migdzy tkankami zto§liwymi i prawidlowymi u pacjentek z rakiem
jajnika. Poparto wykorzystanie SNORDA48 jako najlepszego odniesienia do wzgledne;j
kwantyfikacji w badaniach ekspresji w raku jajnika [128]. Z kolei inne badania wskazuja,
ze stabilnos¢ SNORD48 moze by¢ zalezna od typu materialu biologicznego 1 warunkow
srodowiskowych. Egidi i wsp. badali stabilno$¢ genu w osadzie moczu u pacjentow
z rakiem prostaty 1 wykazali, ze warto§¢ SNORD48 przekroczyta granice
akceptowalnosci [129]. Lawlor 1 wsp. badali endogenny SNORD48 u pacjentow
napromieniowanych z powodu raka prostaty. Naukowcy wykazali, Ze poziomy ekspresji
byty zwigzane z niskim wspdtczynnikiem zmiennos$ci po napromieniowaniu (6 Gy).
Zauwazyli wplyw promieniowania na zmiany w endogennym SNORDA48 [130].
W badaniach nad rakiem jelita grubego Shen 1 wsp. zaobserwowali wzrost ekspresji
SNORD48 w tkankach nowotworowych [131], natomiast Rapti i wsp. takze uzyli
SNORDA48 jako genu referencyjnego w tym typie nowotworu [132]. Mase 1 wsp. ocenili
stabilno$¢ pieciu gendw referencyjnych: U6, SNORD48, SNORD44, miR-16 1 5S
w tkankach przedsionkow serca 18 pacjentéw poddanych operacji kardiochirurgicznej
z rytmem zatokowym i migotaniem przedsionkow. Wszystkie ilosciowe metody oceny

stabilno$ci dowiodly, ze SNORDA48 to najlepszy gen referencyjny [133].

81


https://norm.btm.umed.pl/

Natomiast wyniki uzyskane w niniejszym badaniu wskazuja, ze SNORDA48 nie jest
stabilny, a jego ekspresja rozni si¢ znaczaco w tkankach EC i w tkankach od zdrowych
osob. Badanie to wykazato, ze ekspresja SNORD48 ulegta obnizeniu w tkance raka
endometrium w poroéwnaniu z grupg kontrolng (FC 0.92; p <0.001). Ponadto SNORD48
zostat zidentyfikowany jako czynnik rozwoju raka endometrium w analizie regresji
logistycznej zarowno jednowymiarowej (OR 0.04; p < 0.001), jak i wielowymiarowej
(OR 0.01; p = 0.018). Ponadto analiza grupy badanej podzielonej na stopnie
histopatologiczne ujawnita zmiany w ekspresji SNORD48. W grupie G3 stwierdzono
nadekspresje SNORD48 w poréwnaniu z innymi grupami histopatologicznymi, w tym
EIN. Zalezno$¢ byla statystycznie istotna (p < 0,001). Dodatkowo niestabilno$¢
SNORDA48 potwierdzono za pomoca narzedzia NormiRazor, co podwaza zasadno$¢ jego
zastosowania jako genu referencyjnego w badaniach ekspresji miRNA w raku

endometrium.

Podsumowujac, badanie sugeruje, ze SNORD48 moze wplywaé na rozwoj raka
endometrium. Jednak konieczne s3 dalsze badania, aby lepiej zrozumie¢ jego role

W rozwoju tego nowotworu.

Drugim analizowanym RNA, planowanym jako gen referencyjny, byl U6 (RNU6-1).
U6 jest czgsto stosowany jako endogenny gen kontrolny w badaniach ekspresji miRNA,
w tym réwniez w raku endometrium. Jurcevic 1 wsp., badajac endogenne geny kontrolne
w szczurzym modelu raka endometrium, wykryli istotne r6znice w ekspresji U6 migdzy
probkami zto§liwymi i niezto§liwymi (p < 0.05). Jednocze$nie przy uzyciu algorytmu
NormFinder stwierdzono, Ze zastosowanie zestawu pigciu najbardziej stabilnych genow,
w tym U6, zapewnito najlepsza normalizacje [134]. Z kolei badania przeprowadzone
przez Lou 1 wsp. wykazaly, ze U6 moze by¢ niestabilny w roéznych typach tkanek
nowotworowych. Badanie to skupito si¢ na tkankach raka piersi, w ktorych ekspresja U6
byta wyzsza w porownaniu ze zdrowa tkanka. Wysokie poziomy ekspresji U6 byty
wyzsze w tkankach raka watroby 1 wewnatrzwatrobowych drég zotciowych
W porownaniu z sgsiadujgcymi normalnymi tkankami. Naukowcy wykazali, ze ekspresja

1 dystrybucja U6 wykazuja duza zmiennos¢ wsrod kilku typow komorek ludzkich [135].

W niniejszym badaniu nie zaobserwowano istotnych statystycznie zmian w ekspresji U6
miedzy grupg badang i kontrolng. Jednakze szczegdtowa analiza poszczegdlnych grup

histologicznych ujawnita nieoczekiwane zmiany ekspresji U6, co wskazuje na jego
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niestabilno$¢. Poziom ekspresji tego snRNA zmniejszyl si¢ we wezesnych fazach (EIN,
G11G2), podczas gdy wzrost w G3 w pordwnaniu z grupa kontrolng (p < 0.001). Ponadto
ocenilismy stabilno$¢ U6 w tkance raka endometrium za pomocg narzedzia NormiRazor.
Analiza potwierdzita niskg stabilno$¢ tego snRNA. Dlatego U6 nie mogt zostac
wykorzystany  jako gen referencyjny. Wyjasnienie zmian ekspresji U6

w réznych stopniach histologicznych wymaga dalszych badan.
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Abstract: Endometrial cancer is the fourth most common cancer in women in Europe. Its
carcinogenesis is a complex process and requires further research. In our study, we focus
on finding new and easy-to-diagnose markers for detecting endometrial cancer. For this
purpose, we compared the levels of miR-21-5p, miR-205-5p, and miR-222-3p in endometrial
cancer tissues with the levels of these miRs in the serum of patients using the dPCR method.
Our study is preliminary and consists of comparing the changes in miRNA expression in
serum to the changes in miRNA in tissue of patients with endometrial cancer. The study
included 18 patients with EC and 19 patients undergoing surgery for pelvic organ prolapse
or uterine fibroids as a control group without neoplastic lesions. Endometrial tissue and
serum were collected from all patients. The analyses showed an increased expression
of miR-205-5p in endometrial cancer tissue and decreased expression of miR-222-3p in
tissue and serum samples. These results suggest that miR-205-5p and miR-222-3p may
be potential endometrial cancer biomarkers. Only miR-222-3p confirmed its decreased
expression in serum, making it a potential and easily accessible marker in the diagnosis
of endometrial cancer. This pilot study requires further investigation in a larger group of
patients. Its advantages include the possibility of a comparison between miRNA expression
in tissue and serum, as well as conducting the study using dPCR.

Keywords: microRNA; miR-21-5p; miR-205-5p; miR-222-3p; endometrium cancer; EC;
dPCR; digitalPCR; biomarkers

1. Introduction

Endometrial cancer is the fourth most common female cancer in Europe. Its incidence
is 12.9-20.2 per 100,000 women and its mortality is 2.0-3.7 per 100,000 women [1,2]. The

Int. |. Mol. Sci. 2025, 26, 2615
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most commonly used divisions of EC are morphological and molecular profiling. In the
morphological division, according to Bokhman, EC is divided into type I, endometri-
oid carcinoma, which is associated with excess estrogens. It develops as a result of
endometrial hyperplasia. This type occurs more often and has a good prognosis. The
second type, non-endometrioid, is not associated with estrogen stimulation and has a poor
prognosis [3]. A newer division is molecular profiling, which was introduced in 2013 by
The Cancer Genome Atlas (TCGA). According to this division, EC is divided into four
molecular subgroups:

- POLEmut group, which is characterized by POLE mutation, and accounts for 7%;

- Microsatellite instability (MSI group), resulting from MMR-deficient repair defi-
ciency. It accounts for 28% and has a relatively favourable prognosis. The most
common mutations in the MSI group include mutations in the ARID5B, PTEN, and
phosphatidylinositol-3 kinase families, including PIK3CA and PIK3R1;

- High somatic copy number changes (serous group, driven by a TP53 mutation, also
called the p53abn group), constitute 26%;

- Alow copy number group without a specific driver mutation (NSMP group), consti-
tutes 39% [4].

POLE-mutated tumours have a good prognosis, while the high-copy group driven
by the TP53 mutation has a poor prognosis. The prognosis of mismatch repair-deficient
tumours and those without a defined molecular profile (NSMP) is relatively favourable [4-6].
Molecular staging of endometrial cancer is useful because of its prognostic value and
potential to predict the benefits of adjuvant therapy [2].

The stage of endometrial cancer has been assessed so far in surgical and pathological
stages based on the FIGO classification from 2009 (Table 1) [7]. Due to the introduction
of the new molecular classification, the ESGO/ESTRO/ESP guidelines were developed,
which added new subclassifications to the previous grading system, and introduced the
new FIGO 2023 classification (Table 2) [8].

Table 1. FIGO 2009 classification of endometrial cancer.

FIGO 2009
Stage I Confirmed to the corpus uteri
TA No or less than half myometrial invasion
1B Invasion equal to more than half of the myometrial
IC
Stage I Invasion of cervical stroma without extrauterine extension
TTA
1B
1nc
Stage III Local and/ or regional spread of the tumour
A Tumour invades the serosa of the corpus uteri and/or adnexa
111B Vaginal involvement and/or parametrial involvement
mic Metastases to pelvic and/or para-aortic lymph nodes

IIIC1 Positive pelvic nodes

TMIC2 Positive paraaortic nodes with or without positive pelvic lymph nodes

Stage IV Tumour invades bladder and/or bowel mucosa, and /or distant metastases
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Table 2. New FIGO 2023 classification of endometrial cancer.

FIGO 2023

Stage 1

Limited to the uterine body and ovary

1A

Tumour occurring only in the endometrium OR non-aggressive histological type (low-grade EC,
with invasion of less than half of the uterine muscle, with negative LVSI or with focal LVSI
involvement OR tumour with good prognosis

TA1 Non-aggressive histological type occurring in a polyp in the endometrium OR confined to
the uterine mucosa

TA2 Non-aggressive histological types involving less than half of the myometrium with negative
or positive focalLVSL

IA3 Low-grade EC limited to the uterus and ovaries

1B

Non-aggressive types of EC with invasion of half or most of the myometrium and with or
without focal LVSI

IC

Aggressive histological types occurring in polyps or confined to the uterine mucosa

Stage IT

Invasion of cervical stroma without extrauterine extension OR with substantial LVSI OR
aggressive histological types with myometrial invasion

ITA

Non-aggressive histological types of EC involving the stroma of the cervix

1B

Non-aggressive histological types including substantial LVSI

1c

Aggressive histological types with any myometrial involvement

Stage III

Local and/or regional EC infiltration of any histological subtype

TTA

Invasion of uterine serosa, adnexa, or both by direct extension or metastasis

IIIA1 Invasion of ovary or fallopian tube (outside of grade IA3 criteria)

IIIA2 Invasion of uterine serosa or extension through uterine serosa

1B

Invaginal and/or parametrial or pelvic peritoneal EC

11IB1 Invaginal and/or parametrial EC

I1IB2 Metastases to pelvic peritoneum

1IC

Metastasis to the pelvic or para-aortic lymph nodes or both

IIIC1 Metastasis to the pelvic lymph nodes
IIIC1i Micrometastasis
1IC1ii Macrometastasis

TIIC2 Metastases to para-aortic lymph nodes up to renal vessels, with or without metastases to
pelvic lymph nodes
IIIC2i Micrometastasis
IIIC2ii Macrometastasis

Stage IV

Tumour invasion of the bladder mucosa and /or intestinal mucosa and/or distant metastases

IVA Invasion of the bladder mucosa and/or the intestinal /bowel mucosa
IVB Abdominal peritoneal metastasis beyond the pelvis

IVC Distant metastasis, including metastasis to any extra- or intra-abdominal lymph nodes
above the renal vessels, lungs, liver, brain, or bone

Despite the knowledge on various genetic mutations in endometrial cancer (microsatel-
lite instability and mutations in PTEN, K-ras, beta-catenin, p53, HER-2/neu, p16 and
E-cadherin genes) and distinguishing different genetic types of this cancer, we still lack
knowledge of the regulatory mechanisms occurring in this cancer [9-11]. Therefore, in our
study, we focus on miRNA and changes in its expression both in EC tissues and serum in
patients with endometrial cancer.
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MiRNAs are non-coding, single-stranded, small RNA molecules with a length of
approximately 19-25 nucleotides. They were discovered in 1993 and described by Lee et al.
as the first to describe small RNA molecules encoded by the gene regulating the expression
of the lin-14 protein in Caenorhabditis elegans [12].

MiRNAs are formed from primary miRNAs (pri-miRNAs) in the cell nucleus with the
participation of RNA polymerase I, the Drosha protein complex and DGCRS. Subsequently,
in the cytoplasm, precursor miRNAs (pre-miRNAs) are cleaved by Dicer to generate mature
miRNAs [13]. MiRNAs are remarkably stable in various body fluids, including saliva [14],
urine [15], breast milk [16,17], and blood [18]. To maintain stability outside the cell, they
must be protected against degradation and the action of endonucleases. MiRNAs are
packaged into exosomes or microvesicles. Alternatively, they can be attached to high-
density lipoproteins (HDL) or bound by the AGO2 protein outside the vesicles. These
protective mechanisms ensure the stability of extracellular miRNAs [19-21].

MiRNAs have been extensively studied as potential biomarkers in the serum of
patients with endometrial cancer. Below, some selected examples have been discussed.

Tan et al. reported that hsa-miR-155 might be a good diagnostic marker. Its serum
level was increased in patients with endometrial cancer and increased with the stage of EC,
as well as with lymph node metastasis [22].

Several miRNAs, such as miR-15a-5p, miR-106b-5p, and miR-107, were significantly
upregulated in exosomes isolated from the plasma of EC patients compared to healthy
individuals. Notably, plasma-derived miR-15a-5p appears to be a promising and effec-
tive diagnostic biomarker for the early detection of endometrial cancer, particularly in
differentiating stage I patients from healthy controls [23].

Additionally, serum levels of miR-204-5p were found to be decreased in EC patients
compared to those with benign lesions. This reduction was particularly pronounced in
patients with lymph node metastases, highlighting its potential as an early diagnostic
biomarker [18].

MiR-27a-5p, another miRNA of interest, was significantly increased in serum exosomes
of patients with polycystic ovary syndrome (PCOS), and may play a role in the development
of EC in this patient population [24].

Similarly, miR-887-5p expression was elevated in the serum of EC patients compared
to healthy individuals, indicating its potential diagnostic value [25].

Kumari et al. observed the dysregulated expression of several miRNAs in the serum of
EC patients: miR-16, miR-99b, miR-125, and miR-145 were downregulated, while miR-143
was upregulated [26].

In another study, four miRNAs, miR-222, miR-223, miR-186, and miR-204, were
significantly increased in the serum of EC patients compared to controls, further supporting
their potential as biomarkers for this cancer [27].

Ghazala et al. studied miR-27a and miR-150-5p in the serum of EC patients and both
miRNAs may be promising EC biomarkers [28].

Also, miR-203 expression levels were higher in the serum of EC patients, but its levels
were not correlated with promoter methylation status [29].

The miRNAs used in our study (miR-21-5p, miR-205-5p and miR-222-3p) have been
studied in various other cancers and are involved in carcinogenesis, which is why they
were selected for testing in EC.

MiR-21-5p has been extensively studied in various cancers, for example, in colorectal
cancer where it showed strong expression in serum samples from patients, while its levels
were significantly downregulated in postoperative patients. Its high expression was corre-
lated with TNM testing and lymph node metastasis [30]. MiR-21-5p has also been utilized
as a biomarker for the detection and prognosis of pancreatic cancer [31], and non-small
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cell lung cancer (NSCLC) [32]. High levels of miR-21-5p in serum were also observed in
oropharyngeal cancer associated with Epstein-Barr virus infection [33].

In breast cancer, however, miR-21-5p showed reduced expression and limited diag-
nostic value for early-stage disease. Nonetheless, its reduced expression may serve as a
biomarker in the diagnosis of breast cancer metastases [34].

MiR-21 is one of the most consistently expressed miRNAs in almost all types of
human cancer [35]. Its expression level is also altered in EC cells, as shown by Sato et al.
They assessed miR-21 expression in EC tumour cells and stroma separately. Upregulation
of miR-21 in EC cells was significantly associated with higher histological grade and
lymph node metastasis. It was also significantly associated with poor progression-free
survival [36]. Bouziyane et al. also confirmed the diagnostic value of miR-21 in EC tissue.
The investigators suggest that tests with blood, serum, or urine should be performed [37].

The next miR under investigation was miR-205-5p, where its levels in serum were
significantly higher in patients with non-small cell lung cancer compared to controls [38].
Jiang et al. observed similar changes in miR-205-5p levels in non-small cell lung cancer [39].
MiR-205-5p was also tested in serum to differentiate benign from malignant thyroid tu-
mours. Serum levels were the highest in patients with malignant thyroid tumours, followed
by those with benign tumours, and were the lowest in the control group. Additionally, its
expression correlated with tumour size, stage, lymph node metastases, tumour capsule
invasion, and the BRAF mutation status were reported. A positive correlation between miR-
205-5p expression and TSHR mRNA levels was identified in thyroid cancer patients [40].

MiR-205 expression was also examined in EC tissue. Karaayvaz et al. confirmed
increased miR-205 expression in EC cells. The increased expression was not associated with
disease stage or tumour type. The investigators found that higher miR-205 expression was
significantly associated with overall shorter patient survival [41]. Jin et al. also showed that
miR-205 played an important role in the migration and invasion of endometrial cancer [42].
Other researchers also confirmed the oncogenic effect of miR-205 on EC cells. However, in
all cases the material studied was endometrial cancer tissue [43,44]. MiR-205 expression also
plays a role in the treatment of endometrial cancer. The researchers showed that silencing
of miR-205-5p increased the sensitivity of EC cells to paclitaxel (PTX), which resulted in
reduced cell proliferation and increased apoptosis. In contrast, increased expression of
miR-205-5p increased PTX resistance and contributed to EC cell tumourigenesis [45].

The third miR that took part in the study was miR-222-3p. It was detected in serum
exosomes from ovarian cancer patients, and its levels were associated with epithelial
ovarian cancer (EOC). Exosomal miR-222-3p is an effective regulator of tumour-promoting
M2 macrophage polarization [46].

In another study, exosomal miR-222-3p was tested in patients with papillary thyroid
cancer and was significantly increased in patients with lymph node metastasis [47].

This miR has also been studied in EC. Liu et al. studied miR-222 in women with
endometrial cancer and confirmed its effect on tumourigenesis. Only EC tissue was used in
this study [48].

Furthermore, serum expression levels of four miRNAs, including miR-21-5p and
miR-222-3p, were investigated in NSCLC patients and demonstrated good diagnostic value,
particularly in early-stage disease [49].

Many studies have been conducted to identify various miRNAs associated with EC
cells. However, further understanding of the factors regulating carcinogenesis is needed to
identify markers that facilitate their detection and to discover targets that could serve as
therapeutic targets.

In this study, we focused on comparing the levels of three miRNAs (miR-21-5p,
miR-205-5p, and miR-222-3p) in endometrial cancer tissues with the levels of the same
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miRNAs in the serum of patients using dPCR. We believe that the use of serum testing in
potential endometrial cancer patients is a better method than tissue testing, due to the ease

of obtaining the material

2. Results

for testing and a lower risk of complications.

The clinical characteristics and lifestyle data of patients with endometrial cancer are
presented in Table 3. Due to the relatively small size of the control group and the presence of
non-normal data distributions, the Mann-Whitney U test was used to analyze quantitative
variables. No statistical significance was obtained for the following factors: age of first and
last menstrual period, births, BMI, and hypertension. However, statistically significant
differences were identified for patient age, diabetes mellitus (DM), and hypothyroidism.
Table 4 presents the patients’ clinicopathological data, including numerical and percentage
distribution depending on the stage (FIGO), and differentiation.

Table 3. Characteristics and clinical data of the study and control groups.

Characteristic Overall,n =371 Study Group,n=18" Control Group,n=191 p-Value 2
Age 53 (42-92) 60 (48-82) 48 (42-92) 0.002
First period 14 (11-17) 13 (11-16) 14 (11-17) 0.2
Last menstrual 50 (40-61) 50 (40-58) 48 (42-61) 02
period
Births 2(04) 2(0-4) 2 (0-3) 0.6
BMI 26.4 (20.08-50.2) 27.25 (22.1-50.2) 25.39 (20.08-34.19) 0.058
Hypertension 0.2
No 27 (73%) 11 (61%) 16 (84%)
Yes 10 (27%) 7 (39%) 3 (16%)
DM 0.046
No 33 (89%) 14 (78%) 19 (100%)
Yes 4(11%) 4(22%) 0(0%)
Hypothyroidism 0.020
No 32 (86%) 13 (72%) 19 (100%)
Yes 5 (14%) 5 (28%) 0 (0%)

! Median (Range); > U Mann-Whitney Test, Chi 2test with Fisher’s exact test depending on variable. Statistical
significance was demonstrated in the following cases: patient’s age, diabetes (DM), and hypothyroidism. The
p-values for statistically significant results are in bold.

Table 4. Clinicopathological data of the study group including patients with EC.

Degree of Differentiation:

Number of Patients Examined:

Percentage of Female Patients Surveyed

G1 0 0
G2 12 67%
G3 6 33%
FIGO stage:
FIGO I 14 78%
FIGO T 2 11%
FIGO 11 2 11%

89



Int. . Mol. Sci. 2025, 26, 2615

7 of 18

The absolute expression of miR-21-5p, miR-205-5p, and miR-222-3p was measured in
endometrial cancer tissue and compared with absolute expression research miRNAs in the
control group. Statistically significant differences were observed for miR-205-5p (p < 0.001)
and miR-222-3p (p = 0.003), as shown in Table 5. Reference genes U6 and SNORDA48 were
included in the study but were found to be unstable, and, therefore, not included in the
analyses, as described in our 2024 paper [50].

Table 5. Absolute expression of miR-21-5p, miR-205-5p, and miR-222-3p in the tissue of the endome-
trial cancer study group and in the control group.

Absolute Expression (Copies/uL)  Study Group, N=18"  Control Group, N=19 p-Value 2
aiiRilap (161,646125’2?(%21,856) (118,6?;;?537,234,496) 0
iR 205-p (381.51%1161;472) (o.(}f;égze& <000l
SRRy a 0,19521111%5,704) (35,1})112—471;18 912) Ll

! Median (Range); > U Mann-Whitney Test. Statistically significant results were obtained for the expression of
miR-205-5p (p < 0.001), and miR-222-3p (p = 0.003). The absolute expression of the tested miRNAs is presented in
copies per uL. The p-values for statistically significant results are in bold.

The data were further processed using logarithmic transformation to normalize the
distribution. Mean logarithmic values were used to calculate fold change (FC). In addition,
both univariate and multivariate random regression analyses were performed.

Table 6 presents the expression levels of microRNAs in the studied endometrial can-
cer tissue and control group as logarithmic data. The statistical analyses indicated that,
amongst the three microRNAs that were examined, microRNA-205-5p exhibited significant
upregulation (p < 0.001), whereas microRNA-222-3p demonstrated significant downreg-
ulation (p < 0.001). Following the application of the Benjamini-Hochberg correction, the
disparities in the concentration of miRNAs between the study and control groups for
miR-205-5 persisted at a significance level of p < 0.001, while for miR-222-3p, the adjusted
p-value was 0.002. However, the expression of miR-21-5p remained non-significant.

Table 6. Expression of miRNAs in endometrial cancer tissue (N = 18).

Benjamini-
miRNA Sty Sy Colial Clodp CEng . 10mFC  p-Value! Hochberg Adjusted
8 p Value ?
Mean SD Mean SD
miR21-5p 579 0.35 5.92 0.49 0.98 —0.03 0.36 0.576
miR2055p  3.93 07 2.68 0.71 147 0.55 <0.001 <0.001
miR-2223p 463 0.36 5.03 0.32 0.92 012  <0.001 0.002

! The comparisons were performed using independent f-test and Mann-Whitney U-test depending on the
distribution. The expression level of miRNAs in the endometrial cancer tissue studied was presented as logarithmic
data. MiR-205-5p was shown to be upregulated, while miR-222-3p was downregulated; > The Benjamini-Hochberg
correction was used to account for multiple comparisons. The p-values for statistically significant results are
in bold.

Subsequently, the absolute levels of miR-21-5p, miR-205-5p, and miR-222-3p in serum
were analyzed in the aforementioned group of patients with endometrial cancer and
compared to their absolute expression in the control group. A statistically significant
difference was observed for miR-222-3p expression (p = 0.019). The external control, cel-
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miR-39-3p, exhibited comparable levels in both groups. Table 7 presents the absolute serum
expression of the analyzed miRNAs in copies per pL.

Table 7. Absolute expression of miR-21-5p, miR-205-5p, and miR-222-3p in serum of the study group
with endometrial cancer and the control group.

Absolute Expression (Copies/ul)  Study Group, N=181  Control Group, N=191 p-Value 2
; 16,200 17,664
e (2825.6-22,320) (4682.4-49,608) =
; 36,768 38,832
mR-Z1-5p (4920.8-231,216) (5545.6-157,976) 0552
; 203.88 260.8
R0 (17.9-3722) (26.66-492.8) 0P
; 964.2 2366
mik220p (74.86-7570) (301-10,114) 0.012
! Median (Range); > U Mann-Whitney Test. Statistically significant results were obtained for the expression of
miR-222-3p (p = 0.019). The absolute expression of the tested miRNAs are presented in copies per uL. The p-values
for statistically significant results are in bold.

The raw data obtained from the dPCR for serum have been processed in the same way
as the data obtained for tissue. Univariate and multivariate random regression analyses
were carried out, incorporating logarithmic transformation to normalize the data distribu-
tion. The expression levels of microRNAs in the serum of patients with endometrial cancer
and the control group, presented as logarithmic values, are shown in Table 8. Among the
three analyzed miRNAs, only miR-222-3p exhibited statistically significant downregulation
(p = 0.011). After implementing a Benjamini-Hochberg correction, an adjusted p-value
of 0.022 was obtained, thus confirming the observed difference between the study and
control groups. In contrast, no statistically significant differences were found for miR-21-5p
and miR-205-5p.

Table 8. Serum miRNA expression in patients with endometrial cancer (N = 18).
Benjamini-
miRNA Study Group Sl R logoFC  p-Value! Hochberg Adjusted
Change 2
p Value
Mean SD Mean SD

miR-39-3p 4.14 0.21 4.20 0.28 0.99 —0.02 0.403 0.576
miR-21-5p 4.54 0.50 4.60 0.34 0.99 —0.02 0.664 0.778
miR-205-5p  2.35 0.67 228 0.36 1.03 0.04 0.700 0.778
miR-222-3p  3.00 0.54 3:39 0.32 0.89 —-0.18 0.011 0.022

! Comparisons were performed using independent t-test and Mann-Whitney U test depending on the distribu-
tion. The expression level of miRNAs in the tested endometrial cancer serum is presented as logarithmic data.
MiR-222-3p was shown to be downregulated, 2 Benjamini-Hochberg correction was used to account for multiple
comparisons. The p-values for statistically significant results are in bold.

We performed a univariate logistic regression analysis of clinical variables and miRNA
expression levels to investigate potential factors associated with the occurrence of EC.

Age is regarded as an important clinical factor associated with the development of
EC (OR 1.09, 95%ClI: 1.01-1.17, p = 0.029). BMI showed borderline significance. Among
the tested miRNAs, two showed significant associations with endometrial cancer in tissue:
miR-205-5p (OR 10.91, 95%CI: 2.27-52.48 p = 0.003) and miR-222-3p (OR 0.02, 95%CI:
0.002-0.35, p = 0.006). In serum, statistical significance was obtained for miR-222-3p
(OR 0.12, 95%Cl: 0.02-0.74, p = 0.022) (Table 9).
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Table 9. Univariate logistic regression analysis of factors and miRNAs affecting endometrial cancer
(N =18).

Lower 95% Upper 95%

Endometrial Cancer OR (Odds Ratio) Confidence Interval  Confidence Interval p-Value
Age 1.09 1.01 1.17 0.029
First period 0.73 047 1.12 0.150
Last menstrual period 1.08 0.94 1.25 0.285
Number of Births 1.28 0.66 2.46 0.465
At least one birth 1.79 0.36 8.90 0.479
N““;'Ziggf\fé’ég‘;‘ea“ 0.58 0.18 1.86 0.362
At least one CS 0.75 0.14 3.94 0.734
At least one miscarriage 1.08 0.25 4.60 0.920
BMI 1.14 0.99 1.30 0.060
Good BMI (20-25) 0.22 0.05 1.03 0.054
Overweight (BMI => 25) 4.50 0.97 20.83 0.054
Obesity (BMI >= 30) 2.67 0.55 12.88 0.222
Hypertension 3.39 0.72 16.07 0.124
Tissue miR-21-5p (log) 047 0.10 227 0.349
Tissue miR-205-5p (log) 1091 227 52.48 0.003
Tissue miR-222-3p 0.02 0.002 0.35 0.006
Serum miR-39-9p 0.39 0.03 5.94 0.495
Serum miR-21-5p 0.70 0.15 3.36 0.654
Serum miR-205-5p 1249 0.37 4.50 0.691
Serum miR-222-3p 0.12 0.02 0.74 0.022

Age was only important clinical factors associated with the development of EC. Among the miRNAs examined in
tissue, two showed a significant association with endometrial cancer: tissue miR-205-5p and tissue miR-222-3p.
Among the serum miRNAs examined, only serum miR-222-3p showed a significant association with endometrial
cancer. The p-values for statistically significant results are in bold.

We have presented below the results of paired t-test analysis for tissue and serum in
the study and control groups. Figure 1 shows logarithmic data illustrating the differences
in expression levels of the tested miRN As between tissue and serum in the study group
compared to the control group.

The correlation between miRNA concentration in serum and tissue was established
using Spearman’s correlation test, but statistical significance was not obtained (Table 10).

Table 10. Correlation between serum and tissue miRNA concentration—Spearman correlation test.

miRNA N R Coefficient p-Value
miR-21-5p 37 —-0.23 0.176
miR-205-5p 37 0.02 0.896
miR-222-3p 37 —0.02 0.885

The table shows the correlation between miRNA concentration in serum and tissue using Spearman test. Statistical
significance was not achieved.
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Figure 1. Illustrates the differences in expression levels between tissue and serum in the study and
control groups. Results of paired serum-tissue t-tests for the control and study groups. Results
expression miR-21-5p (A), miR-205-5p (B), miR-222-3p (C).

We also performed multivariate logistic regression for the occurrence of endometrial
cancer, but the results were not statistically significant (Table 11).

Table 11. Multivariate logistic regression analysis of miRNAs associated with endometrial cancer
(N =18).

Endometrial Cancer OR (Odds Ratio) Co nf]i-c‘l)gxeciglizoerval Confli{;li I:s:regli’f::rval p-Value
Age 1.08 0.94 1.24 0.301
Tissue miR-205-5p 24.3 0.5 1170.34 0.107
Tissue miR-222-3p 0.002 0.000001 3.07 0.095
Serum miR-222-3p 0.002 0.000000 1891 0.179

The obtained results showed no statistical significance.

Regarding the stage of advancement, 16% of patients had FIGO => 2. We performed
a complete set of logistic regressions for FIGO < 2, or => 2—none of the results reached
statistical significance. Therefore, we evaluated the differences in concentrations in the
given groups, in serum miR-205-5p was initially statistically significant (p = 0.017), but lost
significance with the Benjamini-Hochberg correction for multiple comparisons (p = 0.17)
(Table 12).

Among patients with endometrial cancer, 33% were patients with the G3 differentiation
stage. We evaluated the differences in concentrations in the G3 and non-G3 groups.

No statistically significant differences in miRNA expression between the groups
were observed in tissue. However, in serum, the concentration of miR-205-5p was initially
significant (p = 0.024) but lost significance after applying the Benjamini-Hochberg correction
(p = 0.12) (Table 13).
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Table 12. Evaluation of differences in concentrations in FIGO < 2 and FIGO => 2 groups in patients
with endometrial cancer.

Figo<2 (N=14) Figo=>2(N=4) Benjamini-Hochberg
p-Value 3 3
Mean SD Mean SD Ad]usted Y4 Value
mﬂs{‘fg‘g’f;‘p . 411 0.23 424 0.09 0.222 0.7
mﬂs{‘f;‘ljf;‘p 5 462 0.53 425 0.23 0.203 0.444
mi;gsl‘fgp 5 573 0.34 6 0.36 0.189 0.444
mﬂ;nzsg;%p 5 3.94 0.68 3.87 09 0.857 0.857
mnzT-l;;;-esp " 464 038 46 033 0.843 0857
mirf_e;;;_’;p ) 254 0.62 1.68 0.32 0.017 0.17
mi[f—6222—3p 5 3.05 0.6 2.82 0.2 0.464 0.7
Assessment of differences in miRNA concentrations in two groups depending on FIGO < 2 and FIGO => 2. Serum
miR-205-5p was initially statistically significant, but lost its significance after the Benjamini-Hochberg correction.
1 U Mann-Whitney test; 2 T-test; > Benjamini-Hochberg method. The p-value for a statistically significant result is
in bold.
Table 13. Evaluation of concentration differences in G3 and non-G3 groups in patients with endome-
trial cancer.
Non G3 (N=12) G3(N=6) Value Benjamini-Hochberg
Mean SD Mean SD ¢ Adjusted p Value 3
mii?;;f’;p j 412 0.25 419 0.42 0.543 0.776
Tissue
miR-21-5p 2 578 0.36 5.80 0.37 0.894 0.99
ansgg‘esp . 3.82 0.78 413 0.53 0.389 0.776
m“{_‘zsz‘gp s 471 0.38 446 0.24 0.152 0507
miE?Zl—Sp 2 4.53 0.55 4.55 0.42 0.935 0.99
Serum
miR-205-5p 2 2.59 0.66 1.86 0.38 0.024 0.12
Serum
miR-222-3p 2 2.93 0.56 3.15 0.5 0.441 0.776

Evaluation of different concentrations in G3 and non-G3 groups. Serum miR-205-5p concentration was initially
statistically significant, but the result lost significance after Benjamin Hochberg correction. ! U Mann-Whitney
test; 2 T-test; * The Benjamini-Hochberg correction was used to account for multiple comparisons. The p-value for
a statistically significant result is in bold.

3. Discussion

Our study is preliminary as it is conducted on a small group of patients and requires
the study group to be expanded. The major advantage is the use of dPCR measurements,
and the application of this method distinguishes our study from other similar studies cited
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below. An important aspect of our study is that we used free-circulating microRNA rather
than the isolated one from exosomes. Serum is a material that can be collected from the
patient in a minimally invasive manner, and the direct isolation of microRNA is easy to
perform in routine studies. However, the difficulty is that we cannot directly compare the
results of free-circulating miRNA expression with those studies where the isolated miRNA
was from exosomes.

When examining endometrial cancer tissue, we obtained statistically significant
results for absolute miR-205-5p expression (p < 0.001), which did not change after
Benjamini-Hochberg correction.

These findings align with previous studies, such as Karaayvaz et al., who high-
lighted the prognostic potential of miR-205 in endometrial cancer and demonstrated its
upregulation [41]. Lu et al. and others also reported similar findings, underscoring the
oncogenic role of this miRNA in endometrial cancer. Lu et al. also detected upregulation of
miR-205-5p [42—45]. However, in our study, miR-205-5p expression was not statistically
significant in serum. This discrepancy may result in differences in miRNA stability or
regulatory mechanisms between tissue and serum. In contrast to our results, its established
role had been previously described in other cancers, such as ovarian cancer, non-small cell
lung cancer or breast cancer [38,51,52]. The researchers investigated the changes in miR-205
expression in serum of patients with non-small cell lung cancer, and in serum of patients
with breast cancer, only in the case of ovarian cancer, exosome-derived miRNAs were used
in the studies. The role of miR-205 was also described in animal serum [53].

Using univariate logistic regression, we confirmed the significant role of miR-205-5p
as an endometrial cancer factor, also only in the EC tissue.

After dividing the patients according to the stage of advancement (FIGO < 2 and
FIGO => 2) we assessed the differences in concentrations in the individual groups and
miR-205-5p was initially statistically significant (p = 0.017), but lost statistical significance
after applying the Benjamini-Hochberg correction (p = 0.17).

A similar situation occurred after dividing the patients according to the degree of
differentiation (G3 and non-G3) we assessed the differences in concentrations in the in-
dividual groups and miR-205-5p was initially statistically significant (p = 0.024), but lost
statistical significance after applying the Benjamini-Hochberg correction (p = 0.12). Our
results are promising and indicate that studies in larger groups of patients are required to
confirm the clinical usefulness of miR-205-5p in these subgroups.

The next miR examined was miR-222-3p, which was statistically significant in the
tissue (p < 0.001), but after the Benjamini-Hochberg method was applied, it was corrected
to 0.002. This miR was studied by Liu et al. and confirmed its effect on tumourigenesis in
endometrial cancer tissues. The researchers, examining EC tissue, found that miR-222-3p
expression correlated with ERet. The expression level of miR-222-3p was the lower in lower
stage (1 and 2 vs. 3) and earlier stage (I vs. II, Il vs. III, I vs. IIT) tumours. Furthermore,
miR-222-3p was positively associated with lymph node metastasis [48].

In other cancers, researchers have also reported its oncogenic role after studying cancer
tissue, for example, in osteosarcoma or lung cancer [54,55]. Exosomal miR-222 can also
be studied in serum, e.g., its oncogenic effect on ovarian cancer [46]. The suppressive role
is described by Fu et al. in their study on ovarian cancer [56]. In our study, we detected
the downregulation of miR-222-3p expression in both tissue and serum of EC patients,
indicating its suppressive role in EC cells. When examining serum in the group of patients
with endometrial cancer, only miR-222-3p remained statistically significant (p = 0.011).
However, our study showed no correlation between serum and tissue miR data (Table 7).

In contrast, miR-21-5p did not show significant changes in either tissue or serum in
our study, despite previous reports linking its high expression to faster disease progression,
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lymph node metastases, and high diagnostic efficacy in EC [36,37]. This discrepancy
underscores the need for further research to clarify its role and diagnostic value.

The observed discrepancies between tissue and serum miRNA expression patterns, as
well as between our results and prior studies, highlight the complexity of miRNA regulation
in endometrial cancer. While our findings provide valuable insights, they also underscore
several limitations, including the need for larger sample sizes to confirm statistically robust
results and more comprehensive analyses to explore the mechanistic roles of miRNAs and
reference genes in EC.

4. Materials and Methods
4.1. Tissues and Serum Samples

The study involved 18 patients diagnosed with endometrial cancer. All diagnoses
were confirmed by previous histopathological tests. These patients came to the Department
of Gynecology, Gynecology Oncology and Obstetrics of the Fryderyk Chopin University
Hospital in Rzeszoéw between 04/2021 and 11/2022 to start oncological treatment. In our
study, endometrial cancer tissue material, as well as serum from patients with endometrial
cancer were used. The patients constituted the study group. The study also included
19 healthy women (without endometrial cancer) operated on in the local clinic due to
pelvic organ prolapse or uterine fibroids, whose serum was collected as a control and
these patients constituted the control group. All women consented to the use of tissues for
genetic testing. The local bioethics committee approved the research project. Consent of
the Bioethics Committee of the District Medical Chamber of 21 May 2020, resolution No.
54/B/2020. None of the patients received hormonal therapy, radiotherapy, or chemotherapy
before sample collection.

4.2. miRNA Isolation from Serum Samples

Blood collected from the patients was centrifuged twice and the resulting serum was
stored at —80 °C. Serum samples from endometrial cancer were thawed on ice. Isola-
tion of total RNA, including miRNA, from serum was performed using the miRNeasy
Serum/Plasma Advanced Kit (Cat. No. 217204, Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. MiRNA isolation was performed from 400 pL serum, adjusting
buffer volumes for larger starting sample volumes. To establish internal standards for
subsequent steps, 1 uL of spike-in control was added to the samples. After centrifugation,
the upper aqueous phase containing total RNA, including miRNA, was transferred to a
new reaction tube. Isopropanol was added to the supernatants to provide the appropriate
conditions for RNA molecules (>18 nucleotides) to bind to the silica membrane. The entire
sample was transferred to the RNeasy UCP MinElute centrifuge column, where subse-
quent wash steps removed membrane-bound contaminants. For RNA elution, 20 uL of
RNase-free water was used. The microRNA from samples were frozen at —20 °C.

4.3. miRNA Isolation from Tissue Samples

Tissue samples from patients with endometrial cancer were collected and preserved in
RNAprotect Tissue Reagent (Cat. No. 76104, Qiagen, Hilden, Germany) to maintain RNA
integrity. These samples were then frozen at —80 °C. Total RNA, including miRNA, was
extracted using the miRNeasy Mini Kit (Cat. No. 217084, Qiagen, Hilden, Germany) per the
manufacturer’s instructions. The frozen tissues of approximately 10-20 mg were initially
thawed on ice and transferred into tubes containing 700 uL of QIAzol Lysis Reagent. The
samples were homogenized using sonication, followed by the addition of chloroform. The
mixture was centrifuged at 12,000x g for 15 min at 4 °C to separate the phases. The upper
aqueous phase, which contains total RNA including miRNA, was carefully transferred to
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new tubes, mixed with ethanol, and then loaded onto RNeasy MiniElute Spin Columns
for further purification. To remove any contaminating DNA, the samples underwent
on-column digestion using the RNase-free DNase kit (Cat. No. 79254, Qiagen, Hilden,
Germany). RNA was eluted in 30 uL of RNase-free water. The RNA concentration and
purity were determined using the NanoDrop™ 2000c Spectrophotometer (ThermoFisher
Scientific, Waltham, MA, USA), and the samples were diluted to a final RNA concentration
of 5 ng/uL. To assess RNA integrity, electrophoresis was performed on a 1% agarose gel.
Reverse transcription of the isolated RNA was carried out immediately following the
isolation procedure to ensure RNA stability and quality.

4.4. Reverse Transcriptase Reaction

MicroRNAs were subjected to polyadenylation through the use of a poly(A) poly-
merase, and subsequently reverse-transcribed into cDNA using oligo-dT primers with a
degenerate 3’ anchor sequence, thereby facilitating the amplification of miRNAs during
a real-time PCR reaction. Polyadenylation and reverse transcription were conducted in
parallel in the same tube. cDNA synthesis was performed according to the manufacturer’s
instructions using the miRCURY LNA Reverse Transcription Kit (Cat. No. 339340, Qiagen,
Hilden, Germany). The final volume of the RT reaction mixture was 10 uL and consisted
of 2 uL RNA, 2 pL of 5x miRCURY SYBR® Green RT Reaction Buffer, 1 uL of 10x miR-
CURY RT Enzyme Mix, 0.5 uL of both UniSp6 and miR-cel-39-3p spike-ins and 4.5 uL
of RNase-free water. The RT reaction was carried out in a T100™ 96-well thermocycler
(Bio-Rad, Hercules, CA, USA) under the following conditions: incubation at 42 °C for
60 min, inactivation at 95 °C for 5 min, then the whole reaction was cooled to 4 °C. The
c¢DNA was stored frozen at —20 °C until further use.

4.5. Absolute Quantification by dPCR

Absolute quantification for three miRNAs: hsa-miR-21-5p, hsa-miR-205-5p, and hsa-
miR-222-3p was determined in serum samples from all patients in the study and control
groups using QIAcuity System dPCR (Qiagen, Hilden, Germany). Cellular miR-39 was
selected as the exogenous reference gene only in serum. The dPCR technique employs
microfluidic nanoplate technology. This approach enables the quantification of nucleic
acids by measuring the fluorescence endpoint of each partition. To determine the abso-
lute concentration, we used the miRCURY LNA miRNA PCR Assay (Cat. No. 339306,
respectively: miR-21-5p YP00204230; miR-205-5p YP00204487; miR-222-3p YP00204551;
cel-miR-39-3p YP00203952; Qiagen, Hilden, Germany) using QIAcuity Nanoplate (Qia-
gen, Hilden, Germany) 26K 24-well plates for miRNAs isolated from serum (Cat. No.
250001), and an 8.5K 96-well plate for miRNAs isolated from tissue (Cat. No. 250021). The
dPCR reaction was performed using the QIAcuity EG PCR Kit (Cat. No. 250112, Qiagen,
Hilden, Germany) as recommended by the manufacturer. Each dPCR mixture consisted of
13.3 uL Eva Green PCR Master Mix, 4 pL primer mix, 10 pL of cDNA template (diluted 1:20
for cDNA derived from miRNA), and 12.7 uL of RNase-free water. A total of 40 uL of the
reaction mixture was added to each well of a 24-well Nanoplate 26K and amplified under
the following conditions: heat activation at 95 °C for 2 min, followed by 40 amplification
cycles of denaturation at 95 °C for 15 s, annealing at 60 °C for 15 s and extension 72 °C for
15 5. The fluorescence was measured after all the cycles. Expression levels for the miRNAs
tested were calculated based on the concentration expressed by the number of miRNA
copies in the sample. The calculations were carried out using QIAcuity Software Suite
version 2.1.8 (Qiagen, Hilden, Germany).
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4.6. Statistical Analysis

The expression of miRNAs quantified with dPCR was log-transformed in order to
achieve a normal distribution of data. Next, miRNA stability analysis was assessed using
NormiRazor. NormiRazor is a tool that implements three different existing normaliza-
tion algorithms—geNorm, NormFinder and BestKeeper [57]. None of the miRNAs were
found to be stable enough to be considered acceptable normalizers. Differential expression
analysis was conducted using an independent f-test, Welch t-test, or U Mann-Whitney
test, selected based on variable distribution and variance equality, as determined by the
Shapiro-Wilk test and Levene’s test, respectively. To control the false discovery rate asso-
ciated with multiple comparisons, the Benjamini-Hochberg method was applied. Paired
t-test was used to evaluate differences between miRNA concentration in serum and tissue.
Spearman’s rank correlation test was used to assess correlation between serum and tissue
concentration of miRNA. Univariate logistic regression analysis was applied to evaluate
the impact of specific factors on the occurrence of endometrial cancer. Variables found
to be significant in the univariate analysis were subsequently included in a multivariate
logistic regression model. Nominal variables are reported as counts and percentages or as
median (with range or interquartile range) and mean (£SD), depending on the normality
of their distribution. Statistical analyses were performed using Statistica 13.1 software
(TIBCO, Palo Alto, CA, USA) and R version 4.2.1. A p-value of less than 0.05 was considered
statistically significant.

5. Conclusions

The analyses demonstrated increased expression of miR-205-5p in endometrial cancer
tissue and decreased expression of miR-222-3p in both tissue and serum samples. These
findings suggest that miR-205-5p and miR-222-3p may serve as potential biomarkers for
endometrial cancer. Further studies on a larger group are needed to elucidate the diagnostic
utility of microRNAs (miRNAs) such as miR-205 and miR-222.

6. Limitations

Our study had some limitations. The first was the small group of patients participating
in the study, as the study group consisted of 18 patients with EC and the control group
consisted of 19 patients. The obtained results of changes in miRNA expression are very
promising, but our study only evaluates miRNAs and further studies with other miRNAs
involved in EC carcinogenesis are necessary to better understand this process.
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W omawianym badaniu przeprowadzono analiz¢ poziomoéw ekspresji trzech wybranych
mikroRNA w surowicy pacjentek z rakiem endometrium. W badaniu wzi¢lo udziat
18 pacjentek z EC i 19 kobiet zdrowych, ktére stanowity grupe kontrolng. Ze wzgledu na
ograniczong liczebno$¢ proby badanie ma charakter pilotazowy i wymaga dalszej
walidacji na wigkszej populacji pacjentek. Analiza ekspresji mikroRNA zostala
przeprowadzona przy uzyciu dPCR, co wyrdznia to badanie na tle innych, opartych
gltownie na technikach takich jak qPCR. Waznym aspektem jest takze uzycie
wolnokrazacego mikroRNA, a nie izolowanego z egzosomow. Surowica krwi jest
materiatem, ktory mozna pobra¢ od pacjenta w sposéb minimalnie inwazyjny,
a bezposrednia izolacje mikroRNA mozna tatwo wykona¢ w rutynowych badaniach.
Nalezy jednak zaznaczy¢, ze bezposrednie poréwnanie wynikow ekspresji
wolnokrazacego miRNA z wynikami badan, w ktorych analizowano miRNA pochodzacy
z egzosomow, jest niemozliwe lub ograniczone ze wzgledu na roznice w metodach

izolacji oraz zrédle analizowanego RNA.

W analizie tkanki raka endometrium (EC) uzyskano statystycznie istotne wyniki dla
catkowitej ekspresji miR-205-5p (p < 0.001), ktore pozostaly istotne takze po korekcie
Benjaminiego-Hochberga. Wyniki te sg zgodne z innymi podobnymi badaniami [67, 77,
78, 136]. Warto jednak zaznaczy¢, ze w niniejszym badaniu ekspresja miR-205-5p nie
osiggneta istotnos$ci statystycznej w analizie surowicy, co moze wskazywac na rdznice
w stabilno$ci mikroRNA lub odmienno$¢ mechanizméw regulacyjnych miedzy tkanka
a wolnokragzagcym RNA w surowicy. W przeciwienstwie do uzyskanych wynikéw, rola
miR-205-5p zostala wczes$niej opisana w innych typach nowotwordw, takich jak rak
jajnika, niedrobnokomorkowy rak ptuc lub rak piersi [74, 137, 138]. W badaniach tych
analizowano zmiany ekspresji miR-205 w surowicy pacjentoéw z niedrobnokomorkowym
rakiem phuc oraz w surowicy pacjentow z rakiem piersi, przy czym w przypadku raka
jajnika w badaniach wykorzystano mikroRNA pochodzace z egzosomoéw. Rola miR-205

zostata opisana rOwniez w surowicy zwierzat [139].

W przeprowadzonej analizie jednowymiarowej regresji logistycznej potwierdzono
istotng role miR-205-5p jako czynnika zwigzanego z rakiem endometrium, jednak tylko

w tkance EC.

W dalszym etapie badania pacjentki zostaly podzielone na grupy w zaleznosci od stopnia

zaawansowania choroby wedtug klasyfikacji FIGO (FIGO < 2 vs. FIGO => 2), badano
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zmiany ekspresji w poszczegélnych grupach. Poczatkowo réznice w ekspresji
miR-205-5p pomiedzy grupami byly statystycznie istotne (p = 0.017), jednak po
zastosowaniu korekcji metodg Benjaminiego-Hochberga wynik ten stracit istotnos¢ (p =

0.17).

Analogiczna sytuacja miata miejsce po podziale pacjentdow wedlug stopnia
zréznicowania (G3 vs. nie-G3). Réwniez w tym przypadku ekspresja miR-205-5p réznita
si¢ poczatkowo 1 osiggneta istotnos¢ statystyczng (p = 0.024), po korekcie wielokrotnych
porownan uzyskany wynik przestat by¢ istotny (p = 0.12). Mimo braku istotnosci
statystycznej po korekcji, wyniki te sg obiecujace i sugeruja potencjalng warto$¢ kliniczng
miR-205-5p jako biomarkera w wybranych podgrupach chorych. Wskazuja one réwniez
na koniecznos$¢ przeprowadzenia dalszych badan z udziatem wigkszej liczby pacjentek,
celem weryfikacji uzyskanych obserwacji 1 potwierdzenia ich przydatnosci

diagnostyczno-prognostyczne;.

Nastgpnym badanym mikroRNA byl miR-222-3p. W analizie ekspresji w tkance
uzyskano wynik istotny statystycznie (p < 0.001), ktéory po zastosowaniu metody
Benjaminiego-Hochberga pozostal istotny (skorygowane p = 0.002). W badaniu
wykazano obnizenie ekspresji miR-222-3p zarowno w tkance, jak i w surowicy pacjentek
z EC, co wskazuje na jego supresyjnag role w komoérkach EC. Podczas badania surowicy
w grupie pacjentek z rakiem endometrium jedynie miR-222-3p wykazal istotno$¢
statystyczng (p = 0.011). Jednakze nie stwierdzono istotnej korelacji pomiedzy
poziomami ekspresji miR-222-3p w tkankach 1 w surowicy, co moze $wiadczy¢
o niezaleznych mechanizmach regulacyjnych w tych dwdch typach materiatow

biologicznych.

Ekspresja miR-222-3p byla réwniez badana w egzosomach, gdzie opisano jego
onkogenny wptyw na raka jajnika [87]. Natomiast rol¢ supresyjna tego mikroRNA opisali

Fu 1 wsp., réwniez w badaniu dotyczacym raka jajnika [83].

Natomiast w przeprowadzonym badaniu miR-21-5p nie wykazal znaczacych zmian ani
w tkance, ani w surowicy, pomimo wczesniejszych raportow taczacych jego nadekspresje
z szybszym postegpem choroby, przerzutami do wezlow chionnych 1 wysoka
skuteczno$cig diagnostyczng w EC [91, 121]. Uzyskane wyniki pozostaja w sprzecznos$ci

z wczesniejszymi obserwacjami 1 moga wynika¢ z réznic metodologicznych, wielkos$ci
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proby, charakterystyki populacji badanej lub zrodta izolowanego mikroRNA.
Rozbieznos¢ ta podkresla konieczno$¢ dalszych, szerzej zakrojonych badan w celu
pehiejszego zrozumienia roli miR-21-5p oraz oceny jego potencjatu jako biomarkera

w diagnostyce raka endometrium.

Obserwowane rozbiezno$ci miedzy wzorcami ekspresji miRNA w tkankach a surowica,
a takze otrzymanymi wynikami w niniejszym badaniu a danymi z wczesniejszych badan
swiadczg o ztozonosci regulacji miRNA w raku endometrium. Uzyskane wyniki
dostarczaja cennych spostrzezen, wskazuja réwniez na istotne ograniczenia, w tym
potrzebe zwigkszenia liczebnosci proby w celu potwierdzenia statystycznie istotnych
wynikéw oraz przeprowadzenia bardziej kompleksowych analiz nad molekularnym
dzialaniem miRNA 1 genow referencyjnych w raku endometrium. Implikuja one
konieczno$¢ dalszych badan na wigkszych kohortach o wigkszej mocy statystycznej oraz
zastosowania poglebionych analiz molekularnych, ktére umozliwig pelniejsze
zrozumienie biologicznego znaczenia obserwowanych zmian ekspresji w konteks$cie

patogenezy raka endometrium.
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6. Wnioski

Niniejsza praca miata na celu zbadanie roli mikroRNA w patogenezie raka endometrium.
Badanie zostalo oparte na analizie zmian ekspresji mikroRNA zaréwno w tkance,
jak 1 w surowicy u pacjentek z EC, w porownaniu ze zdrowa grupa kontrolna.
Zaobserwowano zmiany ekspresji w tkance raka endometrium dla miR-205-5p,
miR-222-3p i SNORD48. W tkance raka endometrium miR-205-5p ulegt nadekspres;ji
w poréwnaniu z grupa kontrolna, podczas gdy ekspresja zarowno miR-222-3p, jak
1 SNORD48 obnizyta si¢. Zaobserwowano takze zmiany ekspresji miR-205-5p, U6 oraz

SNORDA48 w zaleznosci od stopni zréznicowania histologicznego.

Niniejsze badanie wskazuje, ze SNORDA48 1 U6 nie spehnity oczekiwan dotyczacych
genu referencyjnego. Zaréwno SNORDA4S8, jak 1 U6 wykazaly brak stabilnosci
w roznych stopniach zrdéznicowania histologicznego, co sugeruje, ze moga réwniez
wplywac na rozwoj raka endometrium. Ponadto SNORDA48 zostat zidentyfikowany jako
czynnik rozwoju raka endometrium w analizie regresji logistycznej jednowymiarowe;j,
jak 1 wielowymiarowej. Konieczne sga dalsze badania, aby lepiej zrozumie¢ role

SNORD48 1 U6 w rozwoju raka endometrium.

W badaniu tym nie wykazano zwiazku pomigdzy ekspresja badanych mikroRNA
a wskaznikiem masy ciala (BMI) lub innymi chorobami wspétistniejacymi u pacjentek

z rakiem endometrium.

Analizy przeprowadzone z surowicy wykazaly zmniejszong ekspresj¢ miR-222-3p
w probkach tkanek, ktora byla obserwowana tez w tkance EC. Wyniki te sugeruja,
ze miR-222-3p moze shuzy¢ jako potencjalny biomarker z surowicy pacjentek z EC.
Surowica jest materialem tatwo dostgpnym w pordéwnaniu z tkanka endometrium,
a mozliwos¢ wykorzystania jej jako Zrédla informacji o miR-222-3p daje szanse na
stworzenie markera diagnostycznego w populacji kobiet obcigzonych ryzykiem raka

endometrium.

Badanie to miato pewne ograniczenia. Pierwszym byta grupa kontrolna, ktora sktadata
si¢ tylko z 19 pacjentéw. Zaobserwowano takze, w pierwszym etapie badania,
nierownomierny rozklad pacjentéw w poszczegdlnych grupach zroéznicowania

histopatologicznego — grupa EIN skladata si¢ z 22 pacjentéw, grupa Gl z 30,
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grupa G2 z 47, za§ G3 zaledwie z 12 pacjentow. Natomiast ograniczeniem w drugim
etapie badania byla mala grupa pacjentdw bioragcych w nim udzial, poniewaz grupa
badawcza sktadata si¢ z 18 pacjentow z EC, a grupa kontrolna z 19, bylto to zwigzane

z pilotazowym charakterem prowadzonych analiz.

Nasze badania wymagaja potwierdzenia na wigkszej grupie pacjentdw i zwigkszenia
liczby testowanych mikroRNA. Stwarza to nowe mozliwosci diagnostyczne i poprzez

innowacyjne ukierunkowane terapie daje nam nowatorskie mozliwosci leczenia.

Wyniki badan mikroRNA w EC moga mie¢ znaczenie we wczesnej diagnostyce pacjentek
z EC lub stanowi¢ punkty uchwytu w nowych terapiach celowanych, odwracajac postep

lub skutki nowotworu.
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7. Streszczenie

Rak endometrium jest jednym z najczestszych nowotworow, glownie w krajach
wysokorozwinietych Europy i Ameryki Potnocnej. Czgstos¢ zachorowania na ten typ
raka ma tendencj¢ wzrostowg. W ostatnich latach udowodniono, ze na powstawanie raka
endometrium majg wptyw mutacje genetyczne, co spowodowato wprowadzenie przez
The Cancer Genome Atlas (TCGA) w 2013 r. podziatu molekularnego EC. Natomiast do
mechanizmoéw, ktore reguluja ekspresje genéw mozemy zaliczy¢ mechanizmy
epigenetyczne oraz niekodujagce RNA. Jednym z rodzajow niekodujacych RNA sg
mikroRNA (miR), ktore nie sg klasycznymi czynnikami epigenetycznymi, ale odgrywaja

istotng rol¢ w regulacji ekspresji gend6w na poziomie posttranskrypcyjnym.

Celem niniejszej pracy bylo zbadanie zwigzku miedzy ekspresja trzech mikroRNA,
tj.: miR-21-5p, miR-205-5p 1 miR-222-3p w tkance raka endometrium. Cel stanowito
rowniez zbadanie stabilnosci ekspresji SNORD48 1 U6, ktore sa czesto uzywane jako

geny referencyjne w badaniach ekspresji mikroRNA.

Grupe badang stanowito 111 pacjentek z EC, od ktérych pobrano tkanke nowotworowa
podczas histerektomii. Do grupy kontrolnej wiaczono 19 pacjentek poddawanych
operacji migsniakow macicy lub wypadania narzadéw miednicy mniejszej bez zmian

nowotworowych. Wszystkie pacjentki wyrazity pisemng zgode¢ na udziat w badaniu.

W celu okreslenia bezwzglednej ekspresji poszczegdlnych mikroRNA zastosowano
metode dPCR opierajaca si¢ na wykorzystaniu mikroprzeplywowych nanoptytek oraz
systemu dPCR QIAcuity (Qiagen, Hilden, Niemcy).

W tkance raka endometrium miR-205-5p ulegat nadekspresji, podczas gdy ekspresja
miR-222-3p i SNORD48 byla obnizona w poréwnaniu z grupa kontrolng. Wykryto
statystycznie istotng korelacje ekspresji miR-205-5p, U6 i SNORDA48 z réznymi
stopniami histologicznymi. Ekspresja miR-205-5p wzrasta wraz ze wzrostem
zréznicowania histopatologicznego (EIN = 1590, G1 =3367,2, G2 =8067 1 G3 =20 360),
podczas gdy ekspresja U6 i SNORD spada od EIN do G2 i wzrasta ponownie w stopniu
G3 (U6: EIN = 19 032, G1 = 16 482,4, G2 = 13 642,4, G3 = 133 008; SNORD4S:
EIN =97 088, G1 =59 520, G2 =43 544, G3 =227 200).
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Prezentowane wyniki badan pokazuja, ze zwickszenie ekspresji miR-205-5p
1 zmniejszenie ekspresji miR-222-3p oraz SNORD48 moze wplywaé na rozwoj raka
endometrium. Ponadto zmiany ekspresji miR-205-5p, U6 i SNORD48 moga by¢
zwigzane z postepem raka endometrium. Wyniki wskazujg réwniez, ze SNORDA48 1 U6,
powszechnie stosowane jako geny referencyjne, moga wplywac na rozwdj i postep raka

endometrium i dlatego nie powinny by¢ stosowane do normalizacji.

Kolejnym etapem badan byto poréwnanie poziomu ekspresji miR-21-5p, miR-205-5p
1 miR-222-3p w tkankach raka endometrium z poziomem ekspresji w surowicy. Z catej
grupy badanej do tego etapu wiaczono 18 pacjentek oraz calg grupe kontrolng (n=19).
Ekspresja zostala oznaczona zarowno w tkanka endometrium jak 1 w surowicy
z wykorzystaniem dPCR. Zaobserwowano statystycznie istotne réznice dla miR-205-5p
tylko w tkance (p < 0,001) oraz dla miR-222-3p zaréwno w tkance (p = 0,003),
jak 1 w surowicy (p = 0,019).

Na podstawie przeprowadzonych analiz wykazano podwyzszong ekspresje miR-205-5p
w tkankach raka endometrium oraz obnizong ekspresj¢ miR-222-3p zaréwno w tkankach,
jak 1 w surowicy. Uzyskane wyniki wskazujg, ze miR-205-5p oraz miR-222-3p moga
pelni¢ role potencjalnych biomarkerow raka endometrium. Sposrdd nich jedynie
miR-222-3p potwierdzit istotnie obnizony poziom ekspresji w surowicy, co wskazuje na

jego przydatnos¢ jako fatwo dostepnego markera w diagnostyce tego nowotworu.
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8. Summary

Endometrial cancer is one of the most common cancers, mainly in highly developed
countries of Europe and North America. Its incidence is increasing. In recent years, it has
been proven that genetic mutations influence the development of endometrial cancer,
which resulted in the introduction of the molecular division of EC in 2013 by The Cancer
Genome Atlas (TCGA). On the other hand, the mechanisms that regulate gene expression
include epigenetic mechanisms and non-coding RNAs. One type of non-coding RNA is
microRNA (miR), which are not classic epigenetic factors, but play an important role in

the regulation of gene expression at the post-transcriptional level.

The aim of this dissertation was to examine the relationship between the expression of
three microRNAs (miR-21-5p, miR-205-5p and miR-222-3p) in endometrial cancer
tissue. The objective was also to examine the stability of SNORD48 and U6 expression,

which are often used as reference genes in microRNA expression studies.

The study group consisted of 111 patients with EC, whose tumor tissue was collected
during hysterectomy. The control group included 19 patients undergoing surgery for
uterine fibroids or pelvic organ prolapse without tumors. All patients gave written consent

to participate in the study.

The dPCR method based on the use of microfluidic nanoplates and the QIAcuity dPCR
system (Qiagen, Hilden, Germany) was applied to determine the absolute expression of

individual microRNAs.

In endometrial cancer tissue, miR-205-5p was overexpressed, while miR-222-3p and
SNORD48 expression were downregulated compared with the control group.
A statistically significant correlation of miR-205-5p, U6, and SNORDA48 expression with
different histological grades was detected. MiR-205-5p expression grew with the
increasing histopathological grade (squamous intraepithelial neoplasia — EIN = 1590,
Gl = 3367.2, G2 = 8067, and G3 = 20,360), whereas U6 and SNORD expression
decreased from EIN to G2 and increased again at G3 (U6: EIN = 19,032, G1 = 16,482.4,
G2 = 13,642.4, G3 = 133,008; SNORD48: EIN = 97,088, G1 = 59,520, G2 = 43,544,
G3 =227,200).
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The outcomes of the study show that increased expression of miR-205-5p and decreased
expression of miR-222-3p and SNORD48 may affect the development of endometrial
cancer. Moreover, changes in the expression of miR-205-5p, U6 and SNORD48 may be
associated with the progression of endometrial cancer. The results also indicate that
SNORD48 and U6, commonly used as reference genes, may affect the development and

progression of endometrial cancer, and therefore should not be used for normalization.

The next stage of the study was to compare the expression level of miR-21-5p,
miR-205-5p and miR-222-3p in endometrial cancer tissues with the expression level in
serum. From the entire study group, 18 patients and the entire control group (n=19) were
included in this stage. The expression was determined in both endometrial tissue and
serum using dPCR. Statistically significant differences were observed for miR-205-5p
only in tissue (p < 0.001) and for miR-222-3p both in tissue (p = 0.003) and in serum
(p=0.019).

Based on the conducted analyses, increased expression of miR-205-5p in endometrial
cancer tissues and decreased expression of miR-222-3p in both tissues and serum were
demonstrated. The results indicate that miR-205-5p and miR-222-3p may act as potential
biomarkers of endometrial cancer. Of these, only miR-222-3p confirmed a significantly
reduced level of expression in serum, which indicates its usefulness as an easily accessible
marker in the diagnosis of this cancer. This study requires confirmation in a larger group
of patients and an increase in the number of tested microRNAs. This creates new
diagnostic possibilities and, through new targeted therapies, gives us new treatment

options.
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dysertacji doktorskiej. Jednoczesnie oswiadczam, ze wktad mojej pracy naukowej
w opublikowaniu powyzszego artykutu jest nastepujacy:

e konceptualizacja

e metodologia

e oprogramowanie

e badanie

e gromadzenie danych

e pisanie — przygotowanie oryginalnego projektu
® pisanie —recenzja i edycja

e wizualizacja

e administrowanie projektem

e odpowiedz na recenzje i redakcja

2.drn. o zdr. Inz. Sylwia Paszek
Imie i Nazwisko wspétautora

Jako wspotautor akceptuje przedstawiony przez Anne Bogaczyk udziat
w przygotowaniu powyzej publikacji naukowej, ktora stanowic bedzie czesc Jej
dysertacji doktorskiej. Jednoczesnie oswiadczam, ze wktad mojej pracy naukowej
w opublikowaniu powyzszego artykutu jest nastepujacy:

e metodologia

e badanie

* gromadzenie danych

e pisanie — przygotowanie oryginalnego projektu
e administrowanie projektem
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3.dr n. med. Marzena Skrzypa
Imig i Nazwisko wspétautora

Jako wspotautor akceptuje przedstawiony przez Anne Bogaczyk udziat
w przygotowaniu powyzej publikacji naukowej, ktora stanowic bedzie czes¢ Jej
dysertacji doktorskiej. Jednoczesnie oswiadczam, ze wktad mojej pracy naukowe;j
w opublikowaniu powyzszego artykutu jest nastepujacy:

metodologia

badanie

pisanie — przygotowanie oryginalnego projektu
administrowanie projektem

4. dr Alina Zuchowska

Imig i Nazwisko wspotautora

Jako wspotautor akceptuje przedstawiony przez Anne Bogaczyk udziat
w przygotowaniu powyzej publikacji naukowej, ktora stanowic¢ bedzie czesc Jej
dysertacji doktorskiej. Jednoczesnie oswiadczam, ze wktad mojej pracy naukowej
w opublikowaniu powyzszego artykutu jest nastepujacy:

e metodologia

4. lek. med. Marta Kluz - Bartowska

Imig i Nazwisko wspétautora

Jako wspotautor akceptuje przedstawiony przez Anne Bogaczyk udziat
w przygotowaniu powyzej publikacji naukowej, ktéra stanowic¢ bedzie czgsc Jej
dysertacji doktorskiej. Jednoczesnie oswiadczam, ze wktad mojej pracy naukowe;j
w opublikowaniu powyzszego artykutu jest nastepujacy:

e zasoby

Podpis
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5. prof. dr hab. n. med. Izabela Zawlik

Imie i Nazwisko wspétautora

Jako wspotautor akceptuje przedstawiony przez Anne Bogaczyk udziat
w przygotowaniu powyzej publikacji naukowej, ktora stanowic bedzie czes¢ Jej
dysertacji doktorskiej. Jednoczesnie oswiadczam, ze wktad mojej pracy naukowe;j
w opublikowaniu powyzszego artykutu jest nastepujacy:

konceptualizacja
walidacja

pisanie —recenzja i edycja
nadzor

pozyskiwanie funduszy

bebebe Sorf 7

5. prof. dr hab. n. med. Tomasz Kluz

Imig i Nazwisko wspotautora

Jako wspotautor akceptuje przedstawiony przez Anne Bogaczyk udziat
w przygotowaniu powyzej publikacji naukowej, ktéra stanowic¢ bedzie czes¢ Jej
dysertacji doktorskiej. Jednoczesnie oswiadczam, ze wkfad mojej pracy naukowej
w opublikowaniu powyzszego artykutu jest nastepujacy:

konceptualizacja
walidacja

zasoby

pisanie — recenzja i edycja
nadzor

pozyskiwanie funduszy

e o o o o o

Podpis
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Oswiadczenia wspotautorow

1. prof. dr hab. n. med. Andrzej Wrébel

Imig i Nazwisko wspdéfautora

Jako wspdtautor akceptuje przedstawiony przez Anne Bogaczyk udziat
w przygotowaniu powyzej publikacji naukowej, ktéra stanowic bedzie czesc Jej
dysertacji doktorskiej. Jednoczesnie oswiadczam, ze whkiad moje] pracy naukowej
w opublikowaniu powyzszego artykutu jest nastepujacy:

e zasoby

N s N0

2. Jan Wrébel
Imig i Nazwisko wspotautora

Jako wspotautor akceptuje przedstawiony przez Anne Bogaczyk udziat
w przygotowaniu powyzej publikacji naukowej, ktdra stanowic bedzie czes¢ Jej
dysertacji doktorskiej. Jednoczesnie oswiadczam, ze wktad mojej pracy naukowej
w opublikowaniu powyzszego artykutu jest nastepujacy:

e zasoby

Oswiadczenia wspétautorow

1. Michat Koény

Imie i Nazwisko wspdtautora

Jako wspdtautor akceptuje przedstawiony przez Anng Bogaczyk udziat
w przygotowaniu powyzej publikacji naukowej, kiéra stanowi¢ bedzie czeé¢ Jej
dysertacji doktorskiej. Jednoczeénie odwiadczam, ze wkiad mojej pracy naukowej
w opublikowaniu powyzszego artykutu jest nastepujgcy:

* oprogramowanie
*  3naliza formaina
o wizualizacja

Po

Al LA,
dhis—"
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11. Zgoda komisji bioetycznej

f

humisjs tioetyczae

przy Okregows 1zble Lekarskiej
35-030 Rzeszdw, ul. Dekerta 2

el 1777717

UCHWALA Nr 24/B/ 2019
Komisji Bioetycznej Okrggowej Izby Lekarskiej
zdnia 14 lutego 2019 r.

Komisja Bioetyczna Okregowej Izby Lekarskiej w Rzeszowie dziatajac na podstawie art. 29
ust. 2 ustawy z dnia 5.12.1996 r. o zawodzie lekarza i lekarza dentysty (Dz. U. 15. 464 tj.),
zgodnie z Rozporzadzeniem Ministra Zdrowia i Opieki Spolecznej z dnia 11 maja 1999 r. (Dz.
U. Nr 47 poz. 480 z 1999 1.) w sprawie szezegdlowych zasad powolywania i finansowania ,
oraz trybu dziatania Komisji Bioetycznych, Kodeksu Etyki Lekarskiej, z uwzglednieniem zasad
Deklaracji Helsinskiej (Declaration of Helsinki) oraz zasad prawidtowego prowadzenia badan
Klinicznych (Good Clinical Practice) i Migdzynarodowej Konferencji na rzecz harmonizacji
wymogéw technicznych dla rejestracii srodk6w farmaceutycznych ( International Conference
on Harmonisation of Technical Requirements for Registration of Pharmaceutical for Human
Use (ICH), : po zapoznaniu si¢ z dokumentami przediozonymi wraz ze ,.Zgloszeniem badai”
oraz po wystuchaniu dodatkowych informacji ztozonych przez wnioskodawcg :

postanawia

w wyniku przeprowadzonej dyskusji i glosowania, Komisja pozytywnie zaopiniowata projekt
badania pt. :

,,Badania proteomiczne, metabolomiczne i genetyczne w nowotworach

narzadu rodnego oraz piersi”.

Badacz :

dr hab. n. med. TOMASZ KLUZ

Osrodek :

Kliniczny Szpital Wojewddzki Nr 1 im. F. Chopina [Klinika Ginekologii i Polotnictwa
oraz Zaklad Genetyki Medycznej Uniwersytetu Rzeszowskiego.

Flew -« wuilicsdgCy
Komisji Bioetycznej
l)qunggl‘t Lekargkiej w Rzeszowie

L \/\_~\
ndrzej Pluta

drhab. n. med. A
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Komisja Bioetyczne
i pray ORregowej Izbie Lekarskiej
35-030 Rzeszow, ul. Dekerta 2
tel. 177177717
UCHWALA Nr 54/B/ 2020
Komisji Bioetycznej Okrggowej Izby Lekarskiej
zdnia 21 maja 2020 r.

Komisja Bioetyczna Okregowej Izby Lekarskiej w Rzeszowie dzialajac na podstawie art. 29
ust. 2 ustawy z dnia 5.12.1996 . o zawodzie lekarza i lekarza dentysty (Dz. U. 15. 464 tj.),
zgodnie z Rozporzadzeniem Ministra Zdrowia i Opieki Spolecznej z dnia 11 maja 1999 r. (Dz.
U. Nr 47 poz. 480 z 1999 r.) w sprawie szczegdtowych zasad powotywania i finansowania ,
oraz trybu dzialania Komisji Bioetycznych, Kodeksu Etyki Lekarskiej, z uwzglednieniem zasad
Deklaracji Helsinskiej (Declaration of Helsinki) oraz zasad prawidlowego prowadzenia badan
klinicznych (Good Clinical Practice) i Migdzynarodowej Konferencji na rzecz harmonizacji
wymogéw technicznych dla rejestracji srodkow farmaceutycznych ( International Conference
on Harmonisation of Technical Requirements for Registration of Pharmaceutical for Human
Use (ICH), : po zapoznaniu si¢ z dokumentami przediozonymi wraz ze Zgloszeniem badan”
oraz po wystuchaniu dodatkowych informacji ztozonych przez wnioskodawcg :

postanawia

Komisja wyrazila zgodg na wprowadzenie poprawki do badania klinicznego pt. :

,Badania proteomiczne, metabolomiczne i genetyczne w nowotworach

narzadu rodnego oraz piersi”.

Koordynator : dr hab. n. med. Tomasz Kluz

Poprawka dotyczy : dolgczenia do badania naukowego prowadzqcego w Klinice Ginekologii
i Poloinictwa KSW Nr 1 w Rzeszowie , Zakladu Genetyki Drobnoustrojéw Uniwersytetu
Uniwersytetu Lddzkiego kierowanego przez :

Profesora Pawla Staczka

W zalgczeniu dokumenty :

1. Streszczenie protokolu badania.

2. Oswiadczenie Budacza dotyczqgee wyposazenia osrodka ibadawczego i kwalifikacji
personelu.

3. Zyciorys gléwnego badacza oraz zyciorysy czlonkéw Zespolu Badawczego.

4. Publikacjie naukowe.
Pakiet dokumentéw przeznaczony dla lokalnej Komisji Bioetycznej.

K1 v UGIICZAC
Komisj onety;zicj
ie] v Rzeszo1

Oktggowe] [zby \
dr hab N .Anjm
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Komisja Bioetyczoa

pnyﬁhﬂﬂﬂj Lzhie Lekarskie]
3-000 Reesziw, ul, Dekerta 2
=L 17T T

KB/2/D/2024 Rzeszdw 8 fipca 2024 r.

Szanowny Pon
Prof. dr hab. n. med. Tomasz Kluz

Komisja Bioetyczna przy Okregowej lzbie Lekarskiej w Rzeszowie po
zapoznaniu si¢ z Pana prosbq oraz przediozonymi dokumentami, na posiedzeniu
w dniu 08 lipca 2024 r. wyrazita zgodg na dolgczenie do zespotu badawczego :
prof. dr hab. n. med. Izabeli Zawlik, dr n. med. Natalii Potockiej, dr n.o zdr.inz.
Sylwii Paszek, dr n. med. Marzeny Skrzypa, dr n.biol. Aliny Zuchowskiej do
badania naukowego pt. : ,Badania proteomiczne, metaboliczne i genetyczne w
nowotworach narzqdu rodnego i piersi“{Uchwafa Nr 24/8/2019 2 paprawkq
Nr 54/8/2020) w Klinicznym Szpitalu Nr 1, Klinice Ginekologii i Pofoznictwa oraz
Zaktadzie Genetyki Ogdinej UR oraz Laboratorium Biologii Molekularnej UR.

Z powazaniem

mhw%loetggm
ok w Razsmwic
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Komisja Bioetyczna
§¥%5 Okrggowe] Izbie Lekarskie;
35:030 Reeszéw, ul. Dekerta 2
WL IT T 7T
UCHWALA Nr 7/B/2025
Komisji Bioetycznej Okrggowej Izby Lekarskiej
zdnia 10 lutego 2025 r.

Komisja Bioetyczna Okrggowej Izby Lekarskiej w Rzeszowie dzialajac na podstawie art. 29
ust. 2 ustawy z dnia 5.12.1996 . o zawodzie lekarza i lekarza dentysty (Dz. U. 15. 464 t.j.),
zgodnie z Rozporzadzeniem Ministra Zdrowia i Opieki Spolecznej z dnia 11 maja 1999 r. (Dz.
U. Nr 47 poz. 480 z 1999 r.) w sprawie szczegélowych zasad powolywania i finansowania ,
oraz trybu dziatania Komisji Bioetycznych, Kodeksu Etyki Lekarskiej, z uwzglednieniem zasad
Deklaracji Helsinskiej (Declaration of Helsinki) oraz zasad prawidlowego prowadzenia badan
klinicznych (Good Clinical Practice) i Miedzynarodowej Konferencji na rzecz harmonizacji
wymogo6w technicznych dla rejestracji srodkéw farmaceutycznych ( International Conference
on Harmonisation of Technical Requirements for Registration of Pharmaceutical for Human
Use (ICH), : po zapoznaniu si¢ z dokumentami przediozonymi wraz ze ,,Zgloszeniem badan”
oraz po wystuchaniu dodatkowych informacji ztozonych przez wnioskodawce :

postanawia

Komisja wyrazita zgode na wprowadzenie poprawki do badania klinicznego pt. :

»Badania proteomiczne, metabolomiczne i genetyczne w nowotworach

narzadu rodnego oraz piersi”.

Koordynator : prof. dr hab. n. med. Tomasz Kluz

Poprawka dotyczy :

dolqczenia do badania naukowego prowadzqcego w Klinice Ginekologii Onkologicznej i
Poloznictwa Uniwersyteckiego Szpitala Klinicznego im. F. Chopina w Rzeszowie :

lek. Anny Bogaczyk i lek. Patryka Jasielskiego

asystentéw  Kliniki Ginekologii Onkologicznej i Poloznictwa Uniwersyteckiego Szpitala
Klinicznego im. F. Chopina w Rzeszowie

W zalaczeniu dokumenty :

1. Podanie koordynatora badania prof. dr hab. n. med. Tomasza Kluz

2. CV Badaczy : lek. Anny Bogaczyk i lek. Patryka Jasielskiego

3. Certyfikaty GCP lek. Anny Bogaczyk i lek. Patryka Jasielskiego

Przewodniczacy |
KomisjBioetyczne]j

i
dr hab. n"‘med. Andrzej 7
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Komisja dicetyczu:
przy Okregowe] Izbie Lekarskie)
35-030 Rzesz6w, ul. Dekerta 2

el 177177717

»Badania proteomiczne, metabolomiczne i genetyczne w nowotworach narzadu rodnego

oraz piersi”.

Czlonkowie Komisji Bioetycznej OIL w Rzeszowie Podpis
Osoby podpisane — obecne na posiedzeniu w dniu 10 lutego 2025 r.
1. dr hab. n.med. Andrzej Pluta /lekarz/ - Prywatny Gabinet Lekarski
w Rzeszowie V{/Ut x \~

2. dr n. med. Wojciech Domka /lekarz/ Uniwersytecki Szpital Kliniczny fi "./)f
Nr1 w Rzeszowie u/ L

U,

3. dr filozofii Anna Habrat/filozof/ Uniwersytet Rzeszowski ( / 74/
& 4 0,
4. mgr Jerzy Halat /prawnik/ Sad Pracy w Rzeszowie q \J \M"'\

S.dr n. med. Marzena Janas /lekarz/ Uniwersytecki Szpital Kliniczny
Nr 1 w Rzeszowie

6. dr n. med. Artur Kozlowski /lekarz/ Szpital Specjalistyczny ;
w Mielcu /%%,’/, & .5
A\ 4

7.dr n. med. Jerzy KuZniar /lekarz/ Kliniczny Szpital Wojew6dzki /
Nr2 w Rzeszowie ke~

8. mgr Zbigniew Machnio /pielegniarz/ Uniwersytecki Szpital Kliniczny

Nr 1 w Rzeszowie W“

9. lek. dent. Radostaw Maksymowicz /lekarz dentysta/ NZOZ DentAR 4

w Rzeszowie
10. lek. Krzysztof Marchewka /lekarz/ Szpital Wojewddzki
w Tarnobrzegu Y
S 77
11. Ks. dr hab. Janusz Migso/duchowny/ Uniwersytet Rzeszowski 3 " / ‘_* L. /
k‘.‘ /
-+
12. mgr Maria Michna Cigpala /farmaceuta/ Prywatna Apteka :/ ¢
gy, (W6 C
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