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WYKAZ SKROTOW

ABC - kompleks awidyna-biotynylowana peroksydaza

ACTB — beta aktyna

AraC — cytarabina

BSA — surowicza albumina wotowa (ang. Bovine Serum Albumin)

DAB - 3,3-diaminobenzydyna

DISC - kompleks indukujacy $mier¢ (ang. Death-Inducing Signaling Complex)

ELISA — test immunoenzymatyczny (ang. Enzyme-Linked Immunosorbent Assay)
EMT - przejscie nablonkowo-mezenchymalne

FBS — bydlgca surowica ptodowa (ang. Fetal bovine serum)

IL-8 — interleukina 8

Me - mediana

MEM - ang. Minimum Essential Medium

NAFLD - niealkoholowa stluszczeniowa choroba watroby (ang. nonalcoholic fatty liver
disease)

NEAA — ang. Non-Essential Amino Acid

NFkB — jadrowy czynnik kB

NRPI — receptor neuropilinowy 1

NRP2 — receptor neuropilinowy 2

PBS — roztwor soli fizjologicznej (ang. Phosphate-buffered saline)

Q1 — kwartyl dolny

Q3 — kwartyl gérny

RTgPCR —ilosciowa fancuchowa rekcja polimerazy w czasie rzeczywistym poprzedzona
odwrotng transkrypcja (ang. Quantitative Reverse transcription polymerase chain
reaction)

SEMA - semaforyna

siRNA — maly interferujacy RNA (ang. small interfering RNA)

TNF-o — czynnik martwicy nowotworu alfa (ang. tumor necrosis factor alfa)

VEGEF - czynnik wzrostu srodbtonka naczyniowego (ang. Vascular Endothelial Growth

Factor)



WYKAZ PUBLIKACJI, NA PODSTAWIE KTOREJ OPARTA JEST
ROZPRAWA DOKTORSKA

1. Januszyk P, Januszyk K, Wierzbik-Stronska M, Boron D, Grabarek B. Analysis of
the Differences in the Expression of mRNAs and miRNAs Associated with Drug
Resistance in Endometrial Cancer Cells Treated with Salinomycin. Curr Pharm
Biotech 2020; 21: 1-8.

2. Januszyk K, Januszyk P, Grabarek BO, Boron D, Oplawski M. The Influence of
Salinomycin on the Expression Profile of mRNAs Encoding Selected Caspases and
MiRNAs Regulating their Expression in Endometrial Cancer Cell Line. Curr Pharm
Biotech 2019; 21: 1-11.

3. Dziobek K, Optawski M, Grabarek B, Zmarzty N, Januszyk P, Adwent I, Dabru$ D,
Lesniak E, Kieltbasinski R, Kieszkowski P, Boron D. Expression of Semaphorin 3B
(SEMA3B) in Various Grades of Endometrial Cancer. Med Sci Monit. 2019; 25: 4569-
4574.



WYKAZ TABEL

Tabela I Sekwencja nukleotydowa starterow wykorzystanych w reakcji RTqPCR



1. Wstep

1.1. Rak blony trzonu macicy

Rak btony trzonu macicy stanowi okreslany takze jako rak endometrium
jest najczesciej wystepujacym nowotworem ginekologicznym u kobiet w wieku
okolomenopauzalnym i postmenopauzalnym [1, 2, 3].

Czynnikami, ktére w istotny sposob zwigkszaja ryzyko wystapienia raka
endometrium
sa nadwaga, otylo$¢, cukrzyca, insulinooporno$¢, nadci$nienie te¢tnicze, wiek okoto-
1 postmenopauzalny oraz dlugotrwata ekspozycja na estrogeny, ktéra nie zostata
zbilansowana dzialaniem progesteronu [4, 5]. Sytuacja taka wystepuje, gdy sekrecja
estrogenow 1 progesteronu przez jajniki ulega znacznemu obnizeniu a wzrasta produkcja
androstendionu, ktéry w adipocytach tkanki tluszczowej zostaje przeksztalcony do
estronu. Dhugotrwata stymulacja btony $luzowej macicy przez estron, ktérego wplyw nie
jest rownowazony progesteronem wigze si¢ z nadmierng i niepoddajacag si¢ kontroli
komorek nabtonka blony Sluzowej macicy. Skutkuje to dtugotrwala stymulacja btony
sluzowej macicy przez estron, ktorego wplyw nie jest rOwnowazony progesteronem,
co sprzyja nadmiernej i niekontrolowanej proliferacji komodrek nabtonka [6, 7].

Charakterystycznym  objawem  raka  endometrium  jest  wystapienie
nieprawidlowych krwawien z drog rodnych. Do mniej charakterystycznych objawow
towarzyszacych procesowi nowotworowemu w obrebie endometrium zalicza si¢ utrate
masy ciata, bole w podbrzuszu, anemig, jak takze objawy zwigzane z przerzutowaniem
do sasiednich tkanek i narzadow [8].

Réznicowanie raka trzonu macicy moze by¢ zwigzane ze zdolnos$cig lub jej brakiem
ekspresji receptoréw estrogenowych przez komorki masy guza. Rak endometrium
estrogenozalezny (typ I, 80% wszystkich przypadkow) wystgpuje przede wszystkim
u otylych kobiet z nadci$nieniem tgtniczym 1 cukrzyca. Z kolei rak endometrium
nieestrogenozalezny jest charakterystyczny dla kobiet w wieku postmenopauzalnym
[9, 10].

Natomiast, jesli za kryterium podziatu przyjmie si¢ stopien patomorfologicznego
zrdznicowania komorek raka endometrium mozna wyrdzni¢ nastgpujace przypadki raka
trzonu macicy: G1 - wysokozroznicowany (<5% raka litego); G2 - Sredniozréznicowany

(6-50% raka litego) oraz G3 - niskozroéznicowany (>50% raka litego) [11].



W terapii raka btony §luzowej macicy stosuje si¢ leczenie operacyjne, ktorego
zakres uzalezniony jest od stopnia zaawansowania klinicznego raka endometrium oraz
leczenie uzupetniajgce w postaci radioterapii, radiochemioterapii oraz chemioterapii
[12, 13].

W badaniach in vitro wykorzystuje si¢ nastepujace linie komodrkowe raka
endometrium: lini¢ Ishikawa (odpowiada stopniowi G1 i typowi I raka endometrium),
linie EC-1-A, HEC-1-B (odpowiadaja stopniowi G2 i typowi II raka endometrium) oraz
lini¢ KLE (odpowiada stopniowi G3 i typowi Il raka endometrium) [14].

1.2. Salinomycyna

Salinomycyna zaliczana jest do grupy antybiotykéw jonoforowych. Zostata
wyizolowana
w 1974 roku ze szczepu bakteryjnego Streptomyces albus przez Miya-zakiego i wsp. [15].

Sugeruje si¢, ze mechanizm dzialania salinomycyny zwigzany jest z indukcja
nieprawidlowej rownowagi jonowej pomiedzy jonami sodu i potasu w blonach
komoérkowych, co w konsekwencji prowadzi do apoptozy komoérek. Doniesienia
naukowe wskazuja, ze salinomycyna charakteryzuje si¢ okolo 100-krotnie wigksza
cytotoksycznoscia wobec komorek nowotworowych, szczegdlnie tych, ktdre nabraty
cech macierzystosci [16, 17].

Zaobserwowano, ze w przypadku przewleklej biataczki limfocytarnej indukcja
apoptozy przez salinomycyn¢ zachodzita z udziatem szlaku sygnalizacyjnego Wnt/p-
katenina, petniagcego wazng role w procesach samoodnawiania si¢ komorek [16, 17].

Pierwsze doniesienia o skutecznosci salinomycyny w nowotworach cechujacych
si¢ wysokim ryzykiem wystgpienia lekoopornosci na leczenie zostaly opisane przez
Naujokat i wsp. W pracy tej opisano przypadek 82-letniej pacjentki z rozsianych rakiem
sromu, ktorg leczono salinomycyny uzyskujac zadawalajaca odpowiedz kliniczna [18].

Brakuje natomiast doniesien wplywu salinomycyny w kontek$cie raka

endometrium.

1.3. Zjawisko utraty adekwatnej odpowiedzi na leczenie przeciwnowotworowe

Zjawisko lekoopornosci poczatkowo zostato zaobserwowane w stosunku do utraty
wrazliwos$ci przez komorki bakteryjne na antybiotyki [19]. W miarg¢ lepszego rozumienia

etiopatogenezy wielu choréb o podlozu zapalnym pojecie lekoopornosci zostato
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rozszerzone rowniez na inne niz antybiotyki grupy lekow, a tym samym chorob nie tylko
o podtozu bakteryjnym. Sytuacja utraty adekwatnej odpowiedzi na stosowane leczenie
obserwowana jest w onkologii [20, 21].

Sugeruje si¢, ze opisywane zjawisko zwigzane jest, m.in. z wystgpieniem nowych
mutacji DNA, zmianami metabolicznymi w komorkach nowotworowych, inaktywacja
leku, hamowaniem apoptozy komorek nowotworowych, przejsciem nabtonkowo-
mezenchymalnym (EMT), heterogenicznoscia komorek tworzacych mase guza,
wpltywem czynnikow epigenetycznych, jak réwniez dowolng kombinacjg wymienionych
czynnikow [22, 23].

Z tego wzgledu wskazuje si¢, ze terapia skojarzona, z wykorzystaniem
rownocze$nie wiece] niz jednego leku moze stanowi¢ lepsza opcje strategii
terapeutycznej w porownaniu do monoterapii. Takie postepowanie opiera si¢ na zjawisku
synergistycznego dziatania lekow, ktorych efekt terapeutyczny jest wigkszy niz gdyby
kazdy z lekéw byt stosowany oddzielenie [24].

Jednym z mechanizmoéw zwigzanych z opornoscig na leczenie jest zmniejszona
aktywacja leku. Taka sytuacje odnotowano, m.in. w terapii ostrej biataczki szpikowej,
w leczeniu ktorej stosuje si¢ cytarabing (AraC), bedaca przedstawicielem lekow
nukleozydowych, aktywowanych poprzez szereg reakcji fosforylacji. Zaburzenie tej
kaskady kaskad skutkuje brakiem mozliwosci przeksztalcenia AraC do aktywnego
metabolitu — trifosforanu AraC [25].

Innym z potencjalnych mechanizméw indukujacych lekooporno$¢ jest zmiana
poziomu ekspresji cytokin, czynnikdw wzrostu, receptorow zwigzanych ze szlakiem
sygnalizacyjnym wobec ktérego jest ukierunkowane [26].

Stosunkowo nowym obszarem badan nad lekoopornos$cig na chemioterapeutyki jest
udziat
w tym procesie EMT, podczas ktorego odnotowuje si¢ zmiany ekspresji receptorow
adhezji komorkowej — integryn i1 kadheryn oraz metaloproteinaz [27, 28]. Nalezy takze
pamigta¢ o roli mechanizméw epigenetycznych zaangazowanych w utrat¢ adekwatnej
odpowiedzi na leczenie [29].

Zjawisko lekoopornosci zostalo zaobserwowane rdéwniez w nowotworach
ginekologicznych, w tym w raku endometrium, podkreslajac wieloczynnikowy charakter
obserwowanych zmian [30, 31]. Lepsze poznanie 1 zrozumienie molekularnych
mechanizmow, ktore podlegajag modytikacji podczas leczenia onkologicznego oraz tych

ktore maja zwigzek z wystapieniem lekoopornosci sktania nie tylko do poszukiwania
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nowych systeméw markerowych detekcji tego procesu, ale réwniez wlaczenia

do leczenia nowych lekow [18, 22, 23].

1.4. Kaspazy

Kaspazy sa proteazami cysteinowymi, syntetyzowanymi w formie nieaktywnego
biologicznie zymogenu. Wyrdznia si¢ 14 przedstawicieli kaspaz, ktore na podstawie
analizy sekwencji, specyficznos$ci substratowej zostaly podzielone na trzy giéwne grupy.

Do pierwszej z nich zaliczamy kaspazy-1, -4, -5, -11, -12,-13 1 -14, ktore odgrywaja
gldwna role aktywatorow cytokin uczestniczacych w procesie zapalnym. Druga grupa
kaspaz, to tzw. kaspazy efektorowe. Przedstawicielami tego rodzaju biatek jest kaspaza-
3, 6 1 7. Enzymy tej grupy ulegajg aktywacji przez inne proteazy, np. kaspazy inicjujace
lub inne kaspazy wykonawcze. Trzecig grupe stanowig kaspazy inicjatorowe,
czyli kaspaza2, -8, -9, -10 i -12, rozpoznajace w substratach sekwencje¢ tetrapeptydu
[32, 33]. Rola kaspaz opisywana jest przede wszystkim w konteks$cie apoptozy komorki
[34, 35], procesu ktéry ulega zaburzeniu w chorobach nowotworowych [36, 37].

Wskazuje si¢ takze na udzial czasteczek micro RNA (miRNA), czyli sekwencji 17-
25 nukleotydowych, ktore wplywaja na aktywnos¢ transkrypcyjna gendéw w konteks$cie
kancerogenezy [38, 39].

Proces apoptozy zalezny od kaspaz moze przebiega¢ szlakiem zewnetrznym
indukowanym poprzez interakcje ligandu, np. czynnika martwicy nowotworu o (TNF-a)
z receptorem S$mierci, ktéry w nastgpnym etapie ulega trimeryzacji, co umozliwia
uruchomienie szlaku $§mierci. Aktywacja kaspazy8/10 rozpoczyna proteoliz¢ enzymow
1 biatek struktur komérkowych, ktora przebiega kaskadowo.

Natomiast w szlaku wewnetrznym (mitochondrialnym) kluczowg role peinig
kaspazy oraz kaspazy wykonawcze -3, 6, 7. Aktywacja prokaspazy 9 w wyniku proteolizy
prowadzi do aktywacji prokaspazy 3 lub 7 ktore z kolei aktywuja kaskady kaspaz
1 proteolize biatek komdrkowych [40,41].

Dotychczas nie poznano doktadnego mechanizmu poprzez ktéry salinomycina
przyczynia si¢ do apoptozy komorek nowotworowo zmienionych. Niemniej jednak
opisano nadekspresj¢ kaspazy 3, 8 ,9 proapoptotycznego biatka Bax, obnizenie ekspresji
antyapoptotycznego biatka Bcl2, jadrowego czynnika kappa B (NFkB) pod wptywem
salinomycyny [42].
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1.5. Regulatorowa rola mikro RNA

MikroRNA (miRNA) s3 to jednoniciowe, niekodujace czasteczki RNA
pochodzenia endogennego uczestniczace w negatywnej potranskrypcyjnej regulacji
ekspresji genow. Geny kodujace miRNA zlokalizowane sa w eksonach i intronach
transkryptow oraz w obszarach migdzy genowych. Moga wystepowa¢ samodzielnie lub
jako policistronowe jednostki transkrypcyjne, ktore posiadaja wspolne sekwencje
regulatorowe.

Wplywaja na ponad 30% wszystkich procesow biologicznych, m.in. apoptozg,
angiogeneze, proliferacje, przerzutowanie komorek nowotworowych. Nieprawidtowa
ekspresja tych czasteczek moze by¢ przyczyna zaburzen w funkcjonowaniu organizmu.
Czasteczki miRNA coraz cz¢$ciej wykorzystywane sag w diagnostyce chordb oraz jako
nowe strategie terapeutyczne.

Dane literaturowe podaja, ze stanowig one ok. 5% calego genomu cztowieka. Obnizenie
ekspresji mRNA ma miejsce w wyniku przylaczenia si¢ miRNA do konca
3’ regionu UTR docelowego transkryptu. Czynnikiem determinujagcym ten proces
jest komplementarno$¢ sekwencji obu czasteczek. W zaleznos$ci od jej stopnia obserwuje
si¢ degradacje transkryptu (pelna komplementarno$¢ miedzy mRNA:miRNA) lub

inhibicje procesu translacji (czgéciowa komplementarno$¢ miedzy mRNA:miRNA) [43].

1.6. Charakterystyka semaforyny 3B w konteks$cie procesu nowotworzenia

Semaforyny (SEMA) naleza do grupy btonowych bialek uczestniczacych w regulacji
takich procesow komorkowych jak: proliferacja, migracja komoérek nowotworowych,
angiogeneza. Uczestniczg takze w procesie powstawania zjawiska lekoopornosci [44].
Charakteryzuja si¢ budowa domenowa, przy czym najistotniejsza w procesie transdukcji
sygnatu wzdhuz szlakow sygnalizacyjnych zaleznych od SEMA3B jest domena SEMA,
wspolna dla wszystkich bialek tej grupy [45,46].

Przykladem istotnej semaforyny w kontek$cie nowotworzenia jest SEMA3B,
okreslana jako supresor wzrostu guza, ktéra wykazuje powinowactwo wzgledem
receptorow neuropilinowych (NRP1 i NRP2). Efektem oddziatywania SEMA3B
ze swoistymi receptorami jest wyciszenie ekspresji czynnika wzrostu s$rodbtonka
naczyniowego (VEGF, ang. Vascular Endothelial Growth Factor), zahamowanie procesu

tworzenia sieci nowych naczyn krwionos$nych, za posrednictwem ktoérych do masy guza
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dostarczane sa sktadniki odzywcze i tlen, niezbedne do utrzymania wysokiego potencjatu
proliferacyjnego komorek i promowania powstawania przerzutow nowotworowych
[47,48].

Nieprawidtowy wzorzec ekspresji SEMA3B odnotowano w raku piersi [47], raku jajnika
[49], raku watrobowokomoérkowym [50], raku pluc [51] 1 raku endometrium [52].
Ostatnie badania wskazuja, ze SEMA3B jest obiecujacym nowym celem terapeutycznym
w osteoporozie, spowodowanej niedoborem estrogenem [53].

Pomimo badan nad rola SEMA3B w nowotworzeniu, na podstawie dostepnej
literatury, zwigzek mig¢dzy ekspresja SEMA3B a wskaznikiem przezycia catkowitego
u pacjentow z rakiem endometrium nie zostat jeszcze ustalony. Obserwacje Huanga i
wsp. [54] wskazuja na wystgpowanie zwigzku pomigdzy ekspresja SEMA3B a
wskaznikiem przezycia u pacjentdw z rakiem trzustki, przy czym w grupie pacjentow z
niskim st¢zeniem SEMA3B czas przezycia wyniost ok. 19 miesigcy, a u tych z wyzszym
stezeniem ok. 41 miesigcy [54]. Z kolei, Tang 1 wsp. [55] wykazali, $redni czas przezycia
pacjentow z rakiem przetyku z niskim stezeniem SEMA3B wynosi ok. 41 miesigcy, a u

pacjentow z wyzszym stezeniem SEMA3B ok. 19 miesiecy [55].
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2. Zalozenia i cel pracy

Wystgpienie  zjawiska  utraty adekwatnej odpowiedzi na  leczenie
przeciwnowotworowe (lekoopornos¢) zwigzane jest, m.in. z wystgpieniem nowych
mutacji DNA, zmianami metabolicznymi w komorkach nowotworowych, inaktywacja
leku, hamowaniem apoptozy komorek nowotworowych, przejsciem nabtonkowo-
mezenchymalnym (EMT), heterogenicznoscia komorek tworzacych mase guza,
wplywem czynnikow epigenetycznych, jak rowniez dowolng kombinacja wymienionych
czynnikow [22, 23]. Nalezy takze pamigta¢ o roli mechanizméw epigenetycznych
zaangazowanych w utrate adekwatnej odpowiedzi na leczenie, w tym regulacji ekspresji
genow przez czasteczki miRNA [29].

Utrate odpowiedzi na leczenie odnotowano m.in. w nowotworach
ginekologicznych, w tym w raku endometrium, podkreslajac wieloczynnikowy charakter
obserwowanych zmian [30, 31].

Obiecujacym lekiem w terapii przeciwnowotworowej wydaje si¢ salinomycyna,
ktorej jeden z mechanizméw dziatania jest zwigzany z indukcja nieprawidiowej
rownowagi jonowej pomiedzy jonami sodu i potasu w blonach komoérkowych,
co w konsekwencji prowadzi do apoptozy komorek nowotworowych [16].

Dane dotyczace wptywu salinomycyny na molekularne mechanizmy zwigzane ze
zjawiskiem lekooporno$ci i udzialem szlaku kaspaz w raku endometrium sg stabo

poznane.

Glownym celem pracy bylo wyznaczenie profilu ekspresji mRNA 1 miRNA
zwigzanych ze zjawiskiem lekoopornosci i szlakow sygnalowych zaleznych od kaspaz w
komorkach raka endometrium linii Ishikawa traktowanych salinomycyng w porownaniu
do hodowli kontrolnej oraz okreslenie znaczenia SEMA3B w angiogenezie w konteks$cie

raka endometrium.

Ponadto dla realizacji celu nadrzednego przyjeto nastgpujace zadania badawcze:

e Ocena wplywu salinomycyny na zmiany st¢zenia wybranych biatek zwigzanych
ze zjawiskiem lekoopornosci w komorkach raka endometrium linii Ishikawa.

e Ocena wplywu salinomycyny na zmiany aktywnosci kaspazy- 3, -8 1 -9 w komorkach

raka endometrium linii Ishikawa.
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e Ocena zmian ekspresji SEMA3B w materiale klinicznym — probkach raka
endometrium w stopniach histopatologicznego zréznicowania G1-G3 i1 preparatach

uzyskanych od grupy kontrolne;j.

15



3. Material i metody

3.1. Hodowla komorkowa raka endometrium linii Ishikawa eksponowanej na

salinomycne

Komoérki raka endometrium linii Ishikawa (European Collection of Authenticated
Cell Cultures (ECACC 99040201) traktowano salinomycyng w stezeniu 1 uM przez 12,
24 1 48 godzin. Kontrolg stanowily komoérki raka endometrium nie eksponowane na
dziatanie salinomycyny. Hodowl¢ prowadzono w warunkach 37°C w atmosferze 5% CO»
z wykorzystaniem dedykowanego dla niniejszej linii komérkowej medium hodowlanego
Minimum Essential Medium (MEM), ktore zostalo wzbogacone o 2 mM glutaminy, 1%
roztwor niezbednych aminokwaséw (NEAA, ang. non-essential amino acid) oraz 5%
roztwor ptodowej surowicy bydlecej (FBS, ang. fetal bovine serum). Eksperyment zostat

wykonany w trzech powtorzeniach technicznych w 6-dotkowych szalkach.

3.2. Ekstrakcja calkowitego RNA wraz z oceng jakosciow3 i ilosciowa ekstraktow

Do ekstrakcji catkowitego RNA z komoérek raka endometrium traktowanych
salinomycyng wykorzystano zmodyfikowang metode Chomczynskiego-Sacchi
1 odczynnik TRIzol (Sigma Aldrich, St Louis, MO, USA). Procedur¢ izolacji kwasu
nukleinowego przeprowadzono zgodnie z rekomendacjami producenta. W pierwszym
dniu ekstrakcji RNA do osadow komdrkowych dodano 1 ml odczynnika TRIzol, 200 pl
chloroformu, 500 pl alkoholu izopropylowego. Nastepnego dnia po 12 godzinnej
inkubacji supernatantu z izopropanolem w temperaturze +4°C, supernatant zostat
zdekantowany, a osad dwukrotnie przemyty 1 ml 70% alkoholu etylowego. W kolejnym
etapie  ktorego 1 ml zostat dodany osadu komorkowego. W dalszej kolejnosci osady
komoérkowe pozostawiono do catkowitego wysuszenia w celu catkowitego odparowania
alkoholu etylowego. Ostatni etap polegat na oczyszczeniu otrzymanych ekstraktow RNA
przy uzyciu zestawu firmy Qiagen: RNeasy Mini Kit. Suche ekstrakty RNA bytly
przechowywane w temperaturze -70°C do czasu dalszych analiz.

W celu przeprowadzenia kwalifikacji ekstraktow RNA do dalszych etapow analizy
molekularnej suche ekstrakty RNA zostaly rozpuszczone w 50 pl sterylnej,
dejonizowanej wody (ddH20). Ocena jakoSciowa ekstraktow zwigzana byla z
przeprowadzeniem rozdzialu elektroforetycznego ekstraktow w 1 % zelu agarozowym
wybarwionym bromkiem etydyny w celu uwidocznienia w §wietle UV-VIS frakcji 18S

rRNA 1 28S rRNA. Z kolei ocena ilosciowa ekstraktow RNA polegata na analizie
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spektrofotometrycznej przy dlugosci fali 260nm (A260) oraz okresleniu zanieczyszczenia

ekstraktow biatkiem poprzez okreslenie stosunku A260/A280.

3.3. Wyznaczenie mikromacierzowego profilu ekspresji mRNA i miRNA w

komorkach raka endometrium traktowanych salinomycyna

Wyznaczenie mikromacierzowego profilu wzorca ekspresji transkryptomu mRNA
w hodowli raka endometrium linii Ishikawa eksponowanej na salinomycyne w
poréwnaniu do hodowli kontrolnej przeprowadzono przy uzyciu mikromacierzy HG-U
133 A2 (Affymetrix, Santa Clara, CA) i zestawu odczynnikéw GeneChip ™ HT 3 'IVT
PLUS (Thermo Fisher, numer katalogowy 902416).

Analiza obejmowata uzycie 8 pg catkowitego RNA, bedacego matryca do syntezy
dwuniciowego cDNA. W drugim etapie przystapiono do syntezy biotynylowanego cRNA
oraz jego pofragmentowania. Kolejny etap byl zwigzany z 16-godzinng hybrydyzacja z
sondami, umieszczonymi na ptytce mikromacierzowej HG-133A 2.0. W dalszych
etapach przeprowadzono: plukanie i barwienie kompleksem streptawidyna—fikoerytryna,
zgodnie z zaleceniami producenta.

Analiza porownawcza transkryptomu zostala przeprowadzona dla mRNA
reprezentujacych geny kodujace biatka zwigzane ze zjawiskiem lekoopornosci (praca 1)
oraz kaspazami (praca 2), ktore zostaly wybrany na podstawie bazy danych Affymetrix
NetAffx™ Analysis Center database (http://www.affymetrix.com/analysis/index.affx).

Analize profilu ekspresji miRNA odpowiedzialnych za regulacje wytypowanych
genow przeprowadzono z wykorzystaniem mikromacierzy GeneChip miRNA 2.0 Array
(Affymetrix, Santa Clara, CA). Pierwszy krok obejmowal znakowanie miRNA biotyna
poprzez poliadenylacje i1 ligacje. Oceng skuteczno$ci znakowania zweryfikowano przy
uzyciu testu ELOS QC (FlashTagBiotin HSR RNA Labeling Kit, Affymetrix). Nast¢pnie
przeprowadzono hybrydyzacje wyznakowanych czasteczek miRNA 1 sond znajdujacych
si¢ na ptytce. W ostatnim etapie mikromacierze miRNA zostaly zeskanowane z

wykorzystaniem skanera GeneArray Scanner 3000 7G (Agilent Technologies, CA).

3.4. Lancuchowa reakcja polimerazy w czasie rzeczywistym poprzedzona odwrotna

transkrypcja

W oparciu o fancuchowg reakcje polimerazy w czasie rzeczywistym poprzedzonej

odwrotng transkrypcja (RTqQPCR) okreslono zmiany profilu ekspresji mRNA TUFTI,
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MTMRI1, SLC30A45 (praca 1) oraz CASP3, CASPS, CASPY, Bcl-2l, Bcl-w, Bax i Bak
(praca 2).

W obu pracach, beta-aktyna (ACTB) zostala wykorzystana jako kontrola
endogenna, a zmiany aktywnosci transkrypcyjne; wytypowanych genéw w hodowli
komorek raka endometrium linii Ishikawa eksponowanej na salinomycyng¢ w pordwnaniu
do kontroli przedstawiono jako wielokrotno$¢ zmiany ekspresji genu (FC, ang. Fold
Change; 2724CY),

Profil termiczny reakcji byl nast¢pujacy: odwrotna transkrypcja (45°C przez
10 min), aktywacja polimerazy DNA (95°C przez 2 min), 40 trzyetapowych cykli:
denaturacja (95°C przez 5 s), przylaczenie starterow (60°C przez 10 s), elongacja (72°C
przez 5 s).

W reakcji RTqPCR wykorzystano zestaw odczynnikéw SensiFAST SYBR No-
ROX One-Step Kit (Bioline, London, UK). W tabeli I przedstawiono sekwencje
nukleotydowe starteréw wykorzystanych w reakcji RTqPCR.

Tabela I Sekwencja nukleotydowa starterow wykorzystanych w reakcji RTqPCR

mRNA Sekwencja nukleotydowa starteréow

TUFTI Forward 5" - ATTTTGGTTTTGAATGATTTTGTAG- 3°
Reverse 5° - AACACACCTATAATCCCAACTACTC- 3
MTMRI11 | Forward 5° - TGGATGGTAGTGGAATTAGGATATT - 3°
Reverse 5’ - AACCTCAAAACCAACTCTAAACAAC-3°
SLC3045 | Forward 5° - GTTTTTGTTATGGGGGAGTGA - 3°
Reverse 5° - CAACTTTTAAAAAATCATATAATTC -3
CASP3 Forward 5° - AGGATGGTTTTTGGTTTATTTAGT- 3"
Reverse 5° - AAACTCAAATTCTATTACCACCTTTC- 3
CASPS Forward 5" - TTTTTTTGATTGATGGTGTTATTTT- 3°
Reverse 5° - AACCCCTATAATCCCAACTACTC- 3"
CASPY Forward 5° - TGAGTATGGAGTTTTGTGGTTATTG- 3
Reverse 5° - AACCAACACCATTTTCTTAACAATC- 3"

Bcl-21 Forward 5" - ATTTAGAGTTTTGGATTTAGGAGAA- 3"
Reverse 5° - ACTAAAAAATAAACCCAACAAAACC- 3
Bel-w Forward 5" - AGATGGAATTATTGGTGGGATAAG- 3"
Reverse 5° - AAAAAACCCCTACAATTACCAAAAC-3
Bax Forward 5" - TTGTTTTAGGGTTTTATTTAGGATC- 3°
Reverse 5° - ACTCCATATTACTATCCAATTCGTC- 3"
Bak Forward 5° - ATTTAGATGTCGGGAATGTATTGAC- 3"
Reverse 5° - ATAAAAAACGAAATCAACCTACCG- 3°
ACTB Forward: 5’-TCACCCACACTGTGCCCATCTACGA-3’

Reverse: 5’>-CAGCGGAACCGCTCATTGCCAATGG-3’.
Forward — starter sensowny, Reverse — starter antysensowny
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3.5. Test immunoenzymatyczny ELISA

Test immunoenzymatyczny ELISA zostal przeprowadzony w celu oceny zmiany
profilu stezen TUFT1 (TUFT ELISA kit Human Tuftelin (TUFT) ELISA Kit; #
MBS2104898), MTMRI11 (MTMRI11, Polyclonal Antibody; #MBS7000832) and
SLC30A5 (SLC30AS5, Monoclonal Antibody; MBS6001665) zgodnie z protokotem
producenta (MyBioSource, Inc. ,San Diego, CA, USA). Oznaczenia zostaly
przeprowadzone w temperaturze pokojowej, a stezenie wymienionych biatek zostalo

oznaczone z wykorzystaniem krzywej wzorcowej przy dtugosci fali 450 nm.

3.6. Aktywnos¢ kaspazy-3, -8 i -9

Aktywnos$¢ kaspazy-3, -8 1 -9 zostala oznaczona kolorymetrycznie w lizacie
komoérkowym z wykorzystaniem komercyjnie dostgpnego zestawu odczynnikow.
Do oceny aktywnosci kaspazy 8 1 9 wykorzystano zestaw Caspase-8/Caspase-9
Colorimetric Assay Kit (RD Systems, Minneapolis, USA),podczas gdy dla kaspazy 9
zostal uzyty zestaw EnzChek® Caspase-3 Assay Kit #1 (Molecular Probes. Minneapolis.
Willow Creek Rd. USA) zgodnie z zaleceniami producenta. Aktywno$¢ kaspazy 8 1 9
oznaczono przy dlugosci fali A = 405 nm, a kaspazy 9 przy dlugosci fali

A =520 nm.

3.7. Material kliniczny — probki endometrium zmienione nowotworowo i
prawidlowe
Na przeprowadzenie badania uzyskano zgode Lokalnej Komisji Bioetycznej Slaskiego

Uniwersytetu Medycznego w Katowicach nr: KNW/0022/KB/237/16.

3.7.1. Grupa badana

Do grupy badanej wlaczonych zostalo 45 pacjentek z rozpoznanym rakiem
endometroidalnym endometrium, w wieku powyzej 45 lat, w tym 17 pacjentek z rakiem
w stopniu histopatologicznego zroznicowania G1, 15 pacjentek z rakiem w stopniu G2
1 13 pacjentek z rakiem w stopniu G3. Probki zostaly uzyskane w trakcie zabiegu
histerektomii i nastgpnie ocenione pod wzgledem histopatologicznym, co pozwolito
na podziat preparatow wzgledem stopnia histopatologicznego zréznicowania raka

endometrium.
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Kryteria wlaczania z grupy badanej byly nastepujace:

o  Wiek powyzej 45 lat;

e Rozpoznanie raka endometroidalnego endometrium, potwierdzone w badaniu
histopatologicznym;

e BMI<40;

e Potwierdzenie braku rozsiewu nowotworowego w przedoperacyjnych badaniach
obrazowych;

¢ Niestosowanie hormonalnej terapii zastgpczej w okresie ostatnich 5 lat;

e Wyrazenie $wiadomej, dobrowolnej zgody na udziat w badaniu.

Kryteria wylaczania z grupy badanej byly nastepujace:

e Wiek ponizej 45 lat;

e Przerost endometrium z antypia lub bez niej;

e Rozpoznanie raka innego niz gruczolakorak endometrium;

e Skrajna otytos¢ (BMI>40);

e Stosowanie hormonalnej terapii zastepczej w okresie ostatnich 5 lat;

e Stwierdzenie nieoperacyjnosci nowotworu;

e Potwierdzenie rozsiewu nowotworowego w przedoperacyjnych badaniach
obrazowych;

e Brak wyrazenia $wiadomej, dobrowolnej zgody na udziat w badaniu.

3.7.2. Grupa kontrolna

Do grupy kontrolnej wiaczono 15 pacjentek, u ktérych preparaty endometrium

zostaly pobrane w trakcie histerektomii wykonanej z powodéw nieonkologicznych.

Kryteria wlaczania z grupy kontrolnej byly nastepujace:
e Wiek powyzej 45 lat;
e  Wykluczenie chorob nowotworowych;
e BMI<40;
e Niestosowanie hormonalnej terapii zastepczej w okresie ostatnich 5 lat;

e Wyrazenie $wiadomej, dobrowolnej zgody na udziat w badaniu.
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Kryteria wylaczania z grupy badanej byly nastepujace:
e  Wiek ponizej 45 lat;
e Rozpoznanie choroby nowotworowej;
e Skrajna otytos¢ (BMI>40);
e Stosowanie hormonalnej terapii zastgpczej w okresie ostatnich 5 lat;

e Brak wyrazenia $wiadomej, dobrowolnej zgody na udziat w badaniu.

3.8. Badanie immunohistochemiczne

W niniejszej pracy wykorzystatem gotowe bloczki parafinowe, zdeponowane
w archiwum Pracowni Patomorfologii Beskidzkiego Centrum Onkologii w Bielsku-
Biatej, na co uzyskatem stosowne zgody. Z tych bloczkéw paratinowych wykonano
preparaty do barwienia immunohistochemicznego z wykorzystaniem przeciwcial
specyficznych dla SEMA3B. Z uwagi na retrospektywny charakter badania, uzyskanie
dodatkowej zgody Komisji Bioetycznej nie bylo konieczne.

Z kazdego bloczka parafinowego zostaty wykonane trzy preparaty mikroskopowe.
W pierwszym etapie preparaty inkubowano w tazni wodnej w buforze cytrynianowym
o pH 6 w temperaturze 95°C, a nastepnie preparaty schtodzono. Nastepnie preparaty
przemywano roztworem soli fizjologicznej (PBS, ang. Phosphate-buffered saline),
a miejsca niespecyficznego zwigzania przeciwciata blokowano wykorzystujac 1%
roztwor surowiczej albuminy wotowej (ang. BSA, ang. Bovine Serum Albumin) w PBS
przez 30 minut w temperaturze pokojowej. W dalszej kolejnos$ci, na skrawki naniesiono
poliklonalne pierwszorzedne krolicze przeciwcialo anty-SEMA3B (Novus Biological,
Warszawa, Polska) i inkubowano przez 20 godziny w temperaturze 40°C. Po tym czasie,
aktywno$¢ endogennej persokydazy zostala zablokowana poprzez inkubacje w 0,3%
(v/v) roztworze nadtlenku wodoru w 0,1% roztworze NaN3; w PBS przez 10 minut.
W celu uwidocznienia zwigzanych przeciwcial SEMA3B wykorzystano kompleks
awidyna-biotynylowana peroksydaza (ABC; Vectastatin, Elite ABC Kit, Vector
Laboratories). W celu wizualizacji kompleksu ABC wykorzystano substrat peroksydazy
zawierajacy 3,3-diaminobenzydyne (DAB) 1 nadtlenek wodoru zgodnie z rekomendacjg
producenta. W ostatnim etapie preparaty podbarwiono hematoksyling Gilla, odwodniono

1 zamykano.
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Rownolegle wykonano kontrole negatywna na kazdym szkietku, co pozwolito
uwidocznié niespecyficzne wigzanie przeciwciala pierwszorzgdowego.

Mikroskop Nikon Eclipse E200 z kamerg cyfrowa DS.-Fil (Nikon) zostal wykorzystany
do wykonania dokumentacji fotograficznej. Z kazdego odczytu wykonano 15 zdj¢é
(powickszenie 200x; obiektyw 20x; okular 10x).

Natomiast, w oparciu o program komputerowy NIS-AIR (Nikon) wyznaczono gestos¢

optyczng produktu reakcji immunoenzymatycznej.
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3.9. Analiza statystyczna

Analiza statystyczna wynikdw zostala przeprowadzona z wykorzystaniem
Transcriptome Analysis Console (Thermo Fisher, USA) oraz programu STATISTICA 13
(StatSoft, Krakow, Polska). Wszystkie analizy statystyczne przyjeto przy zatozeniu progu
istotnosci statystycznej na poziomie p<0,05.

W pierwszej kolejnosci oceniono spelnienie zatozen normalnosci rozkladu
uzyskanych danych testem Shapiro-Wilka. W zwigzku z tym, ze dla danych
mikromacierzowych, uzyskanych z testu RTqQPCR i ELISA zalozenia testu zostaly
spetnione, dalsze etapy analizy statystycznej przeprowadzono z wykorzystaniem metod
parametrycznych — jednoczynnikowej analiz wariancji ANOVA i testu post-hoc Tukeya.
Homogenno$¢ wariancji zweryfikowano testem Levene'a.

Analize predykcyjng oddziatywania pomiedzy mRNA i miRNA przeprowadzono
w oparciu o algorytm miRanda-mirSVR (microrna.org), przyjmujac wartos¢ mirSVR <
0,1 jako punkt odcigcia.

Z kolei w przypadku oceny st¢zenia SEMA3B w preparatach raka endometrium
1 kontrolnych wykorzystano nieparametryczne metody statystyczne.
Wyniki przedstawiono jako mediana (Me), kwartyl dolny (Q1) i gérny (Q3). W celu
wskazania statystycznie istotne roznice w ekspresji SEMA3B w probkach badanych
1 kontrolnych wykorzystano test Kruskala-Wallisa, stanowiacy nieparametryczny

odpowiednik analizy wariancji ANOVA, a nastgpnie test post-hoc Dunn'a.
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4. Wyniki

4.1. Analiza profilu ekspresji ocenianych mRNA w hodowli komorkowej raka
endometrium linii Ishikawa eksponowanych na salinomycyn¢ w poréwnaniu do

hodowli kontrolnej.

4.1.1. Aktywnos¢ transkrypcyjna gendéw zwiazana ze zjawiskiem lekoopornosci
w komorkach raka endometrium pod wplywem salinomycyny w porownaniu

do komorek nietraktowanych lekiem

Na podstawie bazy danych Affymetrix stwierdzono, ze 47 z 22227 mRNA
obecnych na plytce mikromacierzowej jest zwigzanych ze zjawiskiem lekoopornosci.
W celu poréwnania wszystkich badanych grup transkryptomoéw z hodowla kontrolng i
stwierdzenia dla ktorych mRNA roznice ekspresji sa znamienne (p<0,05)
przeprowadzono jednoczynnikowg analize wariancji ANOVA z poprawka Benjamini-
Hochberg'a. Zaobserwowano, ze jest 17 mRNA réznicujacych hodowle eksponowang na
salinomycyn¢ w porownaniu z do hodowli kontrolnej raka endometrium (p <0,05).
Nastepnie przeprowadzono test post-hoc Tukeya. Ten etap analizy statystycznej pozwolit
na wskazanie liczby mRNA specyficznie roznicujacych hodowle komoérkowa raka
endometrium
z lekiem od kontroli. Odnotowano, Ze liczba mRNA roéznicujacych komorki raka
endometrium eksponowanych na salinomycyn¢ w poréwnaniu z hodowla kontrolng dla
kazdego czasu inkubacji komorek z lekiem jest nastepujaca: H 12 vs K-9 mRNA ,H 24
vs K-7mRNA, H 48 vs K- 1 mRNA.

Zaobserwowano, ze 4 z 9 roznicujacych mRNA byly charakterystyczne dla

12-godzinnej ekspozycji komoérek na salinomycyn¢ i odpowiadaty genom: TUFTI,
ABCBI, MTMRI11, MX2.
Dla 24 godzinnej inkubacji komoérek z lekkim charakterystyczne byty geny TUFTI,
MYDSS, natomiast dla hodowli raka endometrium eksponowanej na lek przez 48 godzin
w porownaniu z hodowla kontrolng charakterystyczny byt gen SLC3045.
Nie byto wspolnego mRNA réznicujacego hodowle raka endometrium z salinomycyna
od kontroli niezaleznie od czasu ekspozycji komorek na lek.

Wzorzec ekspresji mRNA TUFTI, ABCBI, MTMR11 wyznaczonych potilosciowa
technika mikromacierzy ekspresyjnych potwierdzono technikg RTqPCR.
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4.1.2. Aktywnos¢ transkrypcyjna gendow szlaku kaspaz w komorkach raka
endometrium pod wplywem salinomycyny w porownaniu do komorek

nietraktowanych lekiem

Na podstawie bazy danych Affymetrix stwierdzono, ze 59 z 22227 mRNA
obecnych na plytce mikromacierzowej jest zwigzanych ze szlakami sygnalizacyjnymi
zaleznymi od kaspaz. W celu porownania wszystkich badanych grup transkryptomow
z hodowla kontrolng i stwierdzenia dla ktorych mRNA rdznice ekspresji sa znamienne
(p<0,05) przeprowadzono jednoczynnikowg analiz¢ wariancji ANOVA z poprawka
Benjamini-Hochberg'a. Zaobserwowano, ze 14 mRNA réznicuje hodowle eksponowang
na salinomycyn¢ w poréwnaniu z do hodowli kontrolnej raka endometrium (p <0,05).
Nastepnie przeprowadzono test post-hoc Tukeya. Ten etap analizy statystycznej pozwolit
na wskazanie liczby mRNA specyficznie réznicujacych hodowle komorkowa raka
endometrium z lekiem od kontroli. Odnotowano, ze liczba mRNA r6znicujgcych komoérki
raka endometrium eksponowanych na salinomycyne w poréwnaniu z hodowlg kontrolng
dla kazdego czasu inkubacji komorek z lekiem jest nastepujaca: H 12 vs K - 8 mRNA ,
H 24 vs K- 10 mRNA, H 48 vs K - 3 mRNA.

Zaobserwowano, ze 5 z 14 réznicujacych mRNA réznicowato hodowle raka
endometrium linii Ishikawa niezaleznie od czasu inkubacji komorek z lekiem
1 odpowiadaly genom: CASP3, CASPS,i CASP9.

Profil ekspresji mRNA CASP3, CASPS 1 CASP9 wyznaczonych technika
mikromacierzy potwierdzono technikg RTqPCR.

4.1.3. Zmiany profilu ekspresji wybranych genéw pro- i antyapoptotycznych
w hodowli komoérek raka endometrium eksponowanej na salinomycyne w

porownaniu do hodowli kontrolnej

W celu potwierdzenia lub wykluczenia indukcji przez salinomycyng¢ apoptozy
poprzez szlak mitochondrialnych w hodowli raka endometrium linii Ishikawa oceniono
profil ekspresji gendéw Bcl-2l 1 Bcl-w (antyapoptotyczne) oraz Bax 1 Bak
(proapoptotyczne).
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Stwierdzono, ze dodanie salinomycyny do hodowli komérkowej zwigzane byto
ze zwigkszeniem aktywnosci transkrypcyjnej genéw kodujacych biatka proapoptotyczne
z rbwnoczesnym wyciszeniem ekspresji gendw kodujacych biatka antyapoptotyczne.

Analiza statystyczna wykazala, ze ekspresja genéw nalezacych do rodziny biatek
BCL-2 byla istotnie statystycznie wyzsza w hodowli komodrek raka endometrium
eksponowanej na salinomycyn¢ w poréwnaniu do hodowli kontrolnej (p<0,05). Ta czes¢
analizy molekularnej sugeruje, ze salinomycyng indukuje zaprogramowang S$mierc

komorki gtownie poprzez $ciezke zalezng od mitochondriow.

4.2. Mikromacierzowy profil miRNA réznicujacych hodowle raka endometrium

linii Ishikawa eksponowang na salinomycyne w poréwnaniu do hodowli kontrolnej

4.2.1. Profil ekspresji miRNA potencjalnie regulujacych ekspresje¢ wybranych
mRNA zwigzanych ze zjawiskiem lekoopornosci w komoérkach raka endometrium

eksponowanych na salinomycyn¢ w porownaniu do hodowli kontrolnej

Na podstawie analizy mikromacierzowego profilu ekspresji miRNA réznicujacych
hodowle komorkowa Ishikawa eksponowang na salinomycne w porownaniu do hodowli
kontrolnej i uwzgledniajac warto$¢ parametru miRSVR najwieksze prawdopodobienstwo
wptywu stwierdzono mi¢dzy mRNA TUFTI a hsa-miR-3188 (FC + 2,48), mRNA
MTMRI1I 1 hsa-miR-16 (FC -1,74) oraz migdzy mRNA SLC3045 a hsa-miR-30d
(FC -2.01).

4.2.2. Profil ekspresji miRNA potencjalnie regulujacych ekspresje CASP3, CASPS,
CASP9 w komorkach raka endometrium eksponowanych na salinomycyne w

porownaniu do hodowli kontrolnej

Najwyzsze prawdopodobienstwo wptywu oddziatywani na ekspresj¢ mRNA CASP3
zaobserwowano dla hsa-miR-30d (§rednia wartos¢ FC -2,01).

Z kolei najwieksze prawdopodobienstwo wptywu na profil ekspresji mRNA CASPS
odnotowano dla hsa-miR-21 (srednia warto§¢ FC +1,31) a ekspresja mRNA CASPY

wydaje si¢ by¢ potencjalnie regulowana przez hsa-miR-1271 (§rednia warto$¢ FC +1,71).
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4.3. Ocena aktywnosci kaspazy-3, -8 i -9 w komorkach raka endometrium

traktowanych salinomycyna w poréwnaniu do hodowli kontrolnej

Zaobserwowano, ze salinomycyna istotnie statystycznie zmienia aktywno$¢
kaspazy- 3 1 -9 (p<0,05), podczas gdy aktywno$¢ kaspazy-8 pozostaje na zblizonym
poziomie jak w hodowli kontrolne;.

12-godzinna inkubacja komorek z lekiem skutkowala wzrostem aktywnosci
kaspazy-3 o 36.52+0.46% w poréwnaniu do kontroli. Dalszy wzrost aktywnos$ci
tej kaspazy zostal odnotowany takze dla dluzszej ekspozycji komodrek na Iek,
a mianowicie po 24 godzinach obserwuje si¢ wzrost o 46.89+1.52% w poroéwnaniu
do kontroli a po 48 godzinach o 56,63+0,53% w porownaniu do hodowli kontrolne;j.

Rowniez dla kaspazy-9 stwierdzono wzrost jej aktywnos$ci niezaleznie od czasu
ekspozycji komoérek na lek w porwaniu do hodowli kontrolnej, po 12 godzinach

0 25.3340.48%, po 24 godzinach o 41.41+2.11% a po 48 godzinach o 31.0440.09%.

4.4. Profil stezen bialek TUFT1, MTMRI11, SLC30AS w hodowli raka
endometrium eksponowanej na salinomycyne w porownaniu do hodowli kontrolnej

wyznaczony metoda ELISA

Na podstawie uzyskanych wynikow mozna zaobserwowaé, iz dodanie
salinomycyny do hodowli raka endometrium linii Ishikawa skutkowalo obnizeniem
stezenia biatek TUFT1 i MTMRI11 i zwigkszeniem st¢zenia biatka SLC30A (p<0,05).

W odniesieniu do biatka TUFT1 w hodowli kontrolnej jego stezenie wynosito ok.
7 ng/ml, podczas gdy po 12 i 24 godzinnej inkubacji komorek z lekiem odnotowano
stezenie tego biatka na poziomie ok. 3 ng/ml. Z kolei, 48 godzinna ekspozycja komoérek
na lek wigzala si¢ z relatywnie niewielkim zwigkszeniem stgzenia biatka TUFTI
do 4,2 ng/ml.

Roéwniez w przypadku biatka MTMR11 po 12 godzinach ekspozycji komorek raka
endometrium na salinomycyng¢ zaobserwowano spadek jego stezenia o ok. 9 ng/ml
w poréwnaniu do kontroli. Po 24 godzinach st¢zenie biatka MTMR11 wynosito ok. 3,7
ng/ml a po 48 godzinach inkubacji komorek z lekiem 4 ng/ml.

Z kolei stezenie biatka SLC30A ulegto zwiekszeniu pod wptywem salinomycyny
(K- 4 ng/ml, 12h — 12,2 ng/ml, 24h — ok. 8 ng/ml, 48h — ok. 6 ng/ml).
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4.5. Zmiany profilu ekspresji SEMA3B w probkach raka endometrium
i kontrolnych.

Ekspresj¢ SEMA3B zaobserwowano w btonie macicy komodrek gruczotowych
tylko w probkach kontrolnych. Jednakze w komorkach nowotworowych ekspresje
SEMA3B odnotowano niezaleznie od stopnia histopatologicznego zréznicowania raka
endometrium (G1>G2>G3). Stwierdzono, ze gesto$¢ optyczna produktu reakcji
immunohistochemicznej SEMA3B w komorkach nowotworowych preparatow raka
endometrium w stopniu G1 byla na zbliZzonym poziomie co w btonie macicy komorek
gruczotowych preparatow kontrolnych (Me= 159,09 vs. 162,26). Mozna takze
zaobserwowac, iz probkach G2 1 G3 gesto$¢ optyczna produktu reakcji uwidoczniona
w komorkach rakowych jest nizsza niz w preparatach G1 1 kontroli, osiagajac
odpowiednio 85% i 70% kontroli. Wykazano takze ekspresj¢ SEMA3B w komorkach
srédblonka i zrebu zaréwno w probkach badanych i kontrolnych. W przypadku komoérek
srodbtonka zaobserwowano nastepujacg tendencje zmiany wzorca ekspresji ocenianego
biatka, tj. G3>G1>G2>K, a dla komérek zrebu G2>G1>G3>C.

W komérkach $rodblonka gestos¢ optyczna produktu reakcji SEMA3B
w preparatach G1 byta wyzsza o ok. 20% w poréwnaniu z grupg kontrolng, podczas gdy
w probkach zakwalifikowanych do stopnia zréznicowania G2 ekspresja SEMA3B byta
podobna jak w kontroli, a w preparatach G3 wyzsza niz w pozostatych grupach.

Natomiast, gestos¢ optyczna produktu reakcji SEMA3B w komorkach zrgbu
probek G1 byta o 40% wyzsza niz w grupie kontrolnej i okoto 50% wyzsza w probkach
raka endometrium G2 niz w probkach stanowigcych kontrole. Z kolei w preparatach raka
endometrium z stopniu zréznicowania G3 poziom ekspresji SEMA3B w komorkach

zrebu byt na poziomie obserwowanym w preparatach G1.
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5. Dyskusja

Problemem efektywnej terapii w chorobach nowotworowych jest nabywanie przez
komorki tworzace guz oporno$ci na stosowane leczenie [2, 3]. Rozwdj biologii
molekularnej, w tym upowszechnienie technik pozwalajacych okresla¢é zmiany
na poziomie genomu, transkryptomu 1 proteomu pozwalajg dokladniej poznaé
molekularny mechanizm dziatania cytostatykow oraz wskaza¢ zmiany lezace u podstaw
utraty wrazliwo$ci na leczenie [18]. Lekiem. z ktorym wigzane sg ogromne nadzieje
przezwycig¢zenia lekoopornosci jest salinomycyna [19, 20].

Niemniej jednak waznym wydaje si¢ okreslenie czy 1 jesli tak, w jaki sposéb
salinomycyna wplywa na profil ekspresji mRNA kodujacych biatka zwigzane
z lekoopornoscig oraz miRNA regulujacych ich ekspresje. W tym celu przeprowadzono
analiz¢ mikromacierzowa transkryptomu mRNA 1 miRNA majacych zwigzek
z opornoscig lekowg. Prezentowane wyniki wydaja si¢ by¢ pierwszymi dotyczacymi
oceny zmian ekspresji genow zwigzanych z lekoopornoscig w raku endometrium podczas
stosowania salinomycyny.

Zaobserwowano zmniejszenie liczby réznicujagcych mRNA hodowle komorek raka
endometrium eksponowanych na lek w porownaniu do hodowli kontrolnej
wraz z wydtuzaniem czasu inkubacji, co moze wynika¢ ze zmniejszajgcego si¢ stezenia
leku w $rodowisku komoérek nowotworowych. Wykazano, ze tylko dla 3 mRNA,
mianowicie TUFTI, MTMRI11, SLC30A5 sposrod 17 zdefiniowanych jako réznicujace,
krotno$¢ zmiany ekspresji byta na poziomie réwnym lub wigkszym niz 2,0.

mRNA TUFTI koduje tufteling, bialko pelnigce istotng role¢ w procesach
przebudowy, mineralizacji szkliwa. Wskazuje si¢ jednak na udziat TUFTI w procesie
kancerogenezy. Dou i wsp. opisuja podwyzszong ekspresj¢ TUFT1 w komorkach raka
watroby, co koreluje z niekorzystnym rokowaniem. Zaobserwowali oni takze, iz istotny
w procesie indukcji 1 utrwaleniu stanu hipoksji w mikrosrodowisku guza promotor genu
HIFlo (ang. Hypoxia-inducible factor la) wykazuje powinowactwo do TUFTI.
Wskazuja oni, ze tuftelina nasila ekspresj¢ HIFIa, co sprzyja proliferacji komorek
nowotworowych oraz indukcji przejScia EMT poprzez aktywacje szlakow
Ca®"/PI3K/AKT and Snail . Dlatego tez zahamowanie ekspresji tego genu wydaje sie by¢é
interesujacym celem terapii anty-nowotworowej [56].

Stwierdzenie zmniejszenia aktywnosci transkrypcyjnej TUFTI pod wplywem

salinomycin sugeruje, ze lek ten wykazuje zdolno$§¢ do indukowania zmian
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w mikrosrodowisku otaczajagcym komorki nowotworowe, zmniejszajac stopien
niedotlenienia.

Z kolei Schulten i1 wsp. odnotowali wzrost ekspresji TUFT1 w nowotworowych
liniach komoérkowych indukowany metforming [57], co wskazuje na plejotropowe
dziatanie tufteliny i jej udziat w kontroli metabolizmu.

Liu 1 wsp. analizowali zmiany wzorca ekspresji w potrdjnie negatywnym raku
piersi. Rowniez oni odnotowali wzrost jej aktywnosci w probkach nowotworowych.
Przeanalizowali oni takze mechanizm dziatania tufteliny na komorki, stwierdzajac,
ze biatko to jest inhibitorem szlaku zaleznego od czynnika kappa B (NFkB) i czynnikow
proapoptotycznych [58].

Uwzgledniajac zatem te spostrzezenia [56-58] wraz z zakwalifikowaniem
na podstawie ontologii genowych mRNA TUFTI do gendéw opornosci lekowej,
zasadnym wydaje si¢ wniosek, ze analiza ekspresji tego transkryptu moze by¢
uzytecznym markerem molekularnym  oceny  efektywno$ci leczenia  anty-
Nnowotworowego. Uzyskane wyniki moga wskazywac roOwniez,
ze salinomycyna zapobiega wystgpieniu lekoopornosci. Nie mozna takze, ze ekspresja
TUFTI moze by¢ jednym z bardziej czulych marker6w monitorowania warunkoéw
panujacych w mikrosrodowisku guza [59].

Drugim z genow roznicujagcym hodowle komoérek raka endometrium z lekiem
od kontroli byt mRNA MTMRI11 kodujace biatko rodziny zwigzane myotubularin (ang.
myotubularin related protein 11). Ostatnie badania pokazuja, Ze biatka tej rodziny
wykazuja aktywnos$¢ fosfatazy lipidowej wplywajac na ekspresj¢ 3-monofosforanu
fosfatydyloinozytolu zwigzanego ze szlakiem PI3K (ang. Phosphatidylinositol 3-kinase)
[60]. Niewiele natomiast wiadomo na temat roli genu MTMRI11 1 kodowanego przez nie
biatka w kancerogenezie. Niemniej jednak w wielu typach nowotworow [61], w tym raku
endometrium opisano nadmierne pobudzenie szlaku sygnalizacyjnego PI 3-kinase [62].

Tym samym zmniejszenie ekspresji MTMRII sugeruje wywieranie wpltywu
przez salinomycyne na kaskad¢ PI3K, ktora wydaje si¢ atrakcyjnym nowym celem
terapeutycznym w przypadku raka endometrium [63].

Trzecim genem dla ktorego stwierdzono najwicksza zmiang ekspresji
byt SLC3045, kodujacy biatko uczestniczace w kontroli wyptywu jondéw cynku
z komorki [64]. Biatko to jest czeScig wiekszej rodziny transporterow cynku

uczestniczacych w nowotworzeniu 1 progresji raka.
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Odnotowano, ze podwyzszona ekspresja SLC39A6, SLC30AS, SLC39A7,
SLC39A9, SLC39A10 1 SLC39A11 stanowi cze$¢ mechanizmu adaptacyjnego komorek
nowotworowych charakteryzujacych si¢ zwigkszonym zapotrzebowaniem na cynk [65].
Singh 1 wsp. [66] zaobserwowali obnizenie ekspresji SLC30A5 w przypadku raka
prostaty, ktore bylo wigksze w bardziej zaawansowanych klinicznie przypadkach raka
stercza [66].

Dlatego tez zaobserwowany wzorzec ekspresji SLC3045 w komorkach raka
endometrium traktowanych salinomycyng potwierdza antynowotworowe dziatanie leku
oraz dazenie komorek do osiggnigcia stanu homeostazy.

Druga cz¢$¢ analizy mikromacierzowej zwiazanej ze zjawiskiem lekoopornosci
miata na celu okresli¢, ktore czasteczki miRNA sposrdd roznicujgcych hodowle raka
endometrium eksponowang na salinomycng w porownaniu do hodowli kontrolnej
s potencjalnie zaangazowane w regulacj¢ ekspresji mRNA TUFT1, MTMR11, SLC3045.

Na podstawie przeprowadzonej analizy predykcyjnej, najwicksze powinowactwo
stwierdzono pomigdzy TUFTI 1 hsa- miR-3188 (FC + 2.48), MTMRI1 i has-miR-16
(FC-1.74) oraz pomigdzy SLC30A5 i hsa-miR-30d (FC -2.01). Zestawiajac ze sobg profil
ekspresji mRNA i miRNA mozna potwierdzi¢ regulacyjna rol¢ mechanizmu interferencji
RNA na geny uczestniczace w indukcji lekoopornosci.

Zhao 1 wsp. w swoich badaniach kierujag uwage, ze zmniejszenie aktywnosSci
transkrypcyjnej] miR-3188 jest niekorzystnym czynnikiem, gdyz sprzyja nadmiernej
proliferacji komoérek nowotworowo zmienionych oraz nabywaniu przez nie opornosci
na chemioterapeutyki [67].

Z drugiej strony analiza Zhou 1 wsp. [68] wskazuja, ze to nadekspresja
hsa-miR-3188 jest zwigzana z procesem przerzutowania [68]. Nie wykluczone zatem,
ze rola miR-3188 w procesie nowotworzenia jest niejednoznaczna, i moze zalezec
od kontekstu biologicznego czy rodzaju tkanki objetej procesem transformacji
NOWOtworowe;j.

Wyciszenie ekspresji stwierdzono takze w stosunku do hsa-miR-30d, opisywanego
jako supresor proliferacji komoérek nowotworowych 1 aktywator apoptozy [69].
Zmniejszona ekspresja hsa-miR-30d jest charakterystyczna dla procesu nowotworzenia
1 aktywacji procesu przejscia EMT [70].

Niemniej jednak odnotowana w hodowli raka endometrium eksponowanego
na salinomycn¢ w porownaniu do hodowli zmniejszona ekspresja tego miRNA

koresponduje ze wzrostem ekspresji SLC30A45, co jest oczekiwanym rezultatem terapii
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salinomycyng. Moze to sugerowaé niewielki negatywny wplyw hsa-miR-30d
na proliferacj¢ komorek raka endometrium.

Ostatnim z roéznicujgcych miRNA zwigzanych z genami kodujacymi biatka, ktore
uczestniczg w procesie nabywania opornosci na leki przez komorki byt hsa-miR-16d.
Stwierdzono wyciszenie jego ekspresji, czemu towarzyszylo roOwnoczesne obnizenie
ekspresji genu MTMRII. Moze to by¢ zwigzane z tym, ze ekspresja tego genu
najprawdopodobniej podlega regulacji w wigkszej mierze przez metylacje DNA [71].

Sromek 1 wsp. [72] wskazali, ze podwyzszony poziom hsa-miR-16 w surowicy
jest charakterystyczny dla nowotworzenia i ulega zmniejszeniu po usunig¢ciu zmian
nowotworowych w przypadku raka pluca [72]. Dlatego tez mniejsza aktywno$¢ tego
miRNA spowodowana salinomycyng jest zjawiskiem korzystnym.

Przeprowadzona analiza mikromacierzowego profilu mRNA 1 miRNA zwigzanych
z lekooporno$cig potwierdza ztozono$¢ mechanizméw o kluczowej roli w procesie
nowotworzenia i odpowiedzi na leczenia antynowotworowe.

W kolejnym etapie badan przeanalizowano wpltyw salinomycyny na szlaki
sygnalizacyjne zalezne od kaspaz, ktore zaangazowane sg w proces apoptozy komorek
w hodowli raka endometrium inkubowanych z lekiem w poréwnaniu do hodowli
kontrolnej. Ponadto podjeto probe okreslenia, ktory ze szlakow $mierci komoérki —
wewnetrzny czy zewnetrzny jest dominujgcym w przypadku raka endometrium podczas
terapii salinomycyng oraz jakie jest znaczenie szlaku kaspaz w pojawieniu si¢ utraty
adekwatnej odpowiedzi na leczenie.

Oceniajac mikromacierzowy profil ekspresji genow szlaku kaspaz zaobserwowano,
ze CASP3, CASP8 1 CASP 9 kodujace odpowiednio kaspaze 3, 8 i 9 w najwickszym
stopniu zmieniajg swoja aktywnos¢ pod wptywem salinomycyny dodanej do hodowli
komorek raka endometrium.

Ho i1 wsp. w badaniach nad wplywem berberyny w konteks$cie raka jezyka
stwierdzili, ze wraz ze wzrostem czasu ekspozycji komorek raka jezyka na berberyne
wzrost aktywnosci kaspazy 3, 8 1 9 jest wiekszy w poréwnaniu do kontroli 1 krotszego
czasu inkubacji, co jest po czg$ci zbiezne z wynikami uzyskanymi w ramach niniejsze;j
pracy [73]. Z tego wzgledu wydaje sie, ze salinomycyna indukuje apoptoze poprzez szlak
wewnetrzny (mitochondrialny [74].

Istotnym z punktu oceny efektywnosci terapii salinomycyng w przypadku raka

endometrium jest fakt, ze na podstawie uzyskanych wynikéw mikromacierzowego
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profilu ekspresji wydaje si¢, ze salinomycyna w trwaly sposéb indukuje zmiany
w komorkach, w tym proces zaprogramowanej $§mierci komorki.

Zhang 1 wsp. oceniali wptyw salinomycyny na profil ekspresji kaspaz i innych
biatek szlaku apoptozy w modelu raka prostaty. Stwierdzili oni podwyzszony poziom
kaspazy 12 pod wplywem salinomycyny oraz obnizenie ekspresji kaspazy 3
pod wplywem traktowania komodrek réwnoczesnie salinomycyng i 4-fenylomaslanem,
co wskazuje, ze antybiotyk jonoforowy nasila stres komoérkowy, co prowadzi
w konsekwencji do zmian w retikulum endoplazmatycznym 1 apoptozy [75].

Zmiany w poziomie ekspresji 1 aktywno$ci kaspaz zostaly zaobserwowane
juz po 12- godzinnej inkubacji komoérek raka endometrium linii Ishikawa z lekiem
w porownaniu do hodowli kontrolnej. Wida¢ rowniez, ze transkryptom to uktad
charakteryzujacy si¢ dynamizmem i plastycznoscig, a wybrany model badawczy — linia
komorkowa Ishikawa jest uzytecznym modelem badawczym.

Ciekawe sg takze obserwacje Gao 1 wsp. [76], ktoérzy odnotowali wzrost ekspres;ji
kaspazy 3 1 9 na poziomie genu i1 biatka w poréwnaniu do ekspresji kaspazy 8 [76].
Zatem, mozna przypuszczaé, ze salinomycyna powoduje apoptoz¢ komorek poprzez
szlak wewngetrzny (mitochondrialny) nie tylko niezaleznie od rodzaju nowotworu,
ale réwniez rodzaju komodrek czy wyboru modelu do$wiadczalnego. Jest to wazne
doniesienie, gdyz wskazuje, ze zmiany ekspresji kaspazy 3 1 9 moga by¢ rozwazane jako
nowe uzupetniajgce markery odpowiedzi na terapi¢ salinomyecin.

W dalszej kolejno$ci oceniono regulacyjny wplyw czasteczek miRNA

na ekspresj¢ mMRNA CASP-3, CASP-8 i CASP-9.
Najwigksze prawdopodobienstwo oddziatywania mRNA:miRNA zaobserwowano
pomigdzy CASP3 (nadekspresja) 1 hsa-miR-30d (FC -2.01), CASP8 (wyciszenie
ekspresji) 1 hsa-miR-21 (FC +1.39) oraz pomiedzy CASP9 (nadekspresja) i hsa-miR-1271
(FC +1.71).

Wskazuje si¢, ze hsa-miR-30d jest waznym, uzytecznym markerem oceny
zaawansowania zmian nowotworowych w raku prostaty. Nadekspresje tej czasteczki
miRNA odnotowano w grupie pacjentdow z gorszym rokowaniem, ktorzy wymagali
bardziej agresywnego leczenia [77].

Zaobserwowana w ramach niniejszej pracy obnizona ekspresja hsa-miR-30d
wskazuje na skuteczno$¢ salinomycyny, wrazliwos¢ komorek raka endometrium na nig
oraz indukcje przez lek apoptozy komoérek nowotworowych. Poza tym rola miR-30d

jest szeroko omawiana w kontek$cie regulacji proliferacji komorek, co z kolei moze
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sugerowac, ze rowniez sama czasteczka miRNA wplywa na proliferacje, roznicowanie
1 Smier¢ komorkowa [78,79].

Z kolei dla dwoch kolejnych czasteczek miRNA - hsa-miR-21 1 hsa-miR-1271
roznicujacych hodowle raka endometrium eksponowang na salinomycyne od kontroli,
odnotowano wzrost ich ekspresji. Rola hsa-miR-21 opisywana jest w kontek$cie
receptorowego szlaku $mierci, aktywowanego przez ligand FAS, podczas gdy hsa-miR-
1271 zwigzany jest z nabywaniem opornosci na leczenie cisplatyng [80]. Jednak tylko
w stosunku do hsa-miR-21 potwierdzono pierwotnie scharakteryzowang funkcje miRNA,
jako negatywnego regulatora ekspresji genu, w tym wypadku CASPS.

Xu 1 wsp. [81] opisuja bezposredni zwigzek migdzy ekspresja hsa-miR-21
a CASPS, podkreslajac, ze nadekspresja hsa-miR-21 wigzala si¢ ze wzrostem przezycia
1 proliferacji komoérek nowotworowych z réwnoczesng inhibicjg apoptozy [81].
Z tego wzgledu, cho¢ wydaje si¢, ze salinomycyna wpltywa przede wszystkim na
mitochondrialny szlak §mierci, mozna przypuszcza¢, ze w mniejszym stopniu przyczynia
si¢ regulacji szlaku receptorowego. Tym bardziej, ze Liu 1 wsp. na podstawie swoich
badan rowniez postulujg za rolg hsa-miR-21 w dwoch rodzajach szlakow apoptozy [82].
Pokazuje to zlozony obraz pro-esu nowotworowego oraz wielokierunkowe dziatanie
salinomycin.

Ostatnim z réznicujacych miRNA dla ktorego zaobserwowano najwigksze
prawdopodobienstwo oddziatywania z CASP9 jest hsa-miR-1271, wskazywany jako
czasteczka, ktorej zmiany ekspresji sa odzwierciedleniem wrazliwosci komorek
nowotworowych na chemioterapeutyki, proliferacji, apoptozy i1 przerzutowania komorek
nowotworowych [83,84].

W niniejszej pracy poréwnano takze ekspresjc SEMA3B w bioptatach uzyskanych
podczas zabiegu histerektomii od pacjentek ze zdiagnozowanym rakiem endometrium
1 tych, uzyskanych od pacjentek operowanych z przyczyn innych niz onkologiczne.
Na podstawie przeprowadzonych badan odnotowano ekspresj¢ SEMA3B w komorkach
nowotworowych endometrium, srodbtonka naczyniowego oraz zrgbu guza, przy czym
w komorkach raka endometrium najwigksza ekspresje stwierdzono w stopniu Gl,
w komorkach zrgbu w wycinkach G2, a w komorkach §rodbtonka w probkach raka o
stopniu zr6znicowania G3.

Ferrira 1 wsp. [85] przeanalizowali zmiany ekspresji SEMA3B w probkach raka
endometrium w fazie proliferacyjnej 1 wydzielniczej cyklu miesigczkowego.

Zaobserwowali relatywnie wyzszy poziom SEMA3B w bioptatach endometrium w fazie
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proliferacyjnej. Jednkaze zmiany nie byly znamienne statystycznie [85]. W badaniu
immunohistochemicznym najwigksza ekspresj¢ SEMA3B zaobserwowalem w stopniu
zréznicowania G3 raka endometrium, co potwierdza udziat niniejszego biatka jako
supresora wzrostu guza [86]. W stopniu G3 komoérki endometrium pozbawione
antyproliferacyjnego wptywu SEMA3B charakteryzuja si¢ najwigksza hiperproliferacja.
Obserwowany poziom ekspresji SEMA3B w probkach raka G3 moze by¢ takze
wynikiem znacznego odroznicowania komoérek endometrium, a tym samym utraty
prawidtowgo fenotypu i metabolizmu [87]. W konsekwencji dochodzi do zaburzenia
transdukcji sygnalu wzdhuz szlakow sygnalizacyjnych, uczestniczacych w utrzymaniu
homeostazy komorek. Potwierdza to zlozony 1 plejotropowy charakter kaskad
sygnatowych i proceséw zwigzanych z transformacja nowotworow3a [88,89,90].

Nguyen i wsp. [91] na podstawie przeprowadzonych badan dotyczacych zmiany
ekspresji SEMA3B i SEMAS3F stwierdzili, iz ekspresja obu semaforyn zmniejsza si¢ wraz
ze wzrostem potencjalu metastatycznego raku endometrium [91]. Takze Osada i wsp.
[92] stwierdzili istotne wyciszenie ekspresji SEMA3B w IV stopniu zaawansowania raka
endometrium, stanowigc niekorzystny marker rokowniczy progresji nowotworu [92].
Poza tym Joseph 1 wsp. [93] wykazali, iz zmiany profilu ekspresji SEMA3B moga by¢
brane pod uwage jako uzupetniajacy marker molekularny w chorobach nowotworowych.
Podkreslajg takze, ze ta semaforyna pelni istotng role w uzyskaniu przez komorki raka
jajnika potencjatu do przerzutowania, jak takze wskazujg na istotne znaczenie estrogenow
1 gonadotropin w angiogenezie nowotworowej [93]. Obserwacja ta wydaje si¢ tym
bardziej istotna, gdyz oceniane przeze mnie wycinki raka endometroidalne endometrium
sg estrogenozalezne [94,95].

Varshavsky 1 wsp. [96] podkreslaja role SEMA3B w hamowaniu angiogenezy [96],
co W zestawieniu z otrzymanymi przeze mnie wynikami ekspresji w komorkach
srédblonka sugeruje, ze wraz ze wzrostem stopnia odrdéznicowania komorek raka
endometrium (G1>G2>G3) nasileniu ulegaja procesy neowaskularyzacji [97-101].
Nalezy mie¢ takze na uwadze fakt, ze SEMA3B nasila sekrecj¢ interleukiny 8 (IL-8),
wplywajacej na zwigkszenie migracji makrofagéw do mikrosrodowiska guza, promujac
proces przerzutowania komorek tworzacych mase guza. Podwyzszony poziom IL-8
dodatkowo hamuja antyangiogenne wlasciwosci SEMA3B [102]. W konsekwencji
istnieje niekontrolowany, samonapedzajacy si¢ proces umozliwiajacy dalszy wzrost guza

1 promujacy jego agresywnos¢ [103].
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Podsumowujac, analiza molekularna przeprowadzona w ramach niniejszej pracy
wskazuje, ze salinomycyna dodana do hodowli komoérek raka endometrium indukuje
zmiany ekspresji czasteczek mRNA 1 miRNA zwigzanych ze zjawiskiem lekoopornosci
1 zaprogramowane] S$mierci komorki. Na podstawie uzyskanych wynikow mozna
przypuszczaé, ze w przypadku raka endometrium salinomycyna przeciwdziata
wystapieniu utraty adekwatnej odpowiedzi na leczenia oraz indukuje apoptoz¢ komorek
gltownie przez szlak mitochondrialny. Stwierdzono takze, iz w przebiegu raka
endometrium ekspresja SEMA3B jest odmienna niz w warunkach fizjologicznych.
Potwierdzony zostat S$cisly zwigzek migdzy potencjalem do przerzutowania
a nasileniem procesu angiogenezy oraz wystgpowanie interakcji pomig¢dzy szlakami

sygnatowymi w procesie transformacji nowotworowe;j.

36



6.

Whioski

. Potwierdzono, ze salinomycyna dodana do hodowli komodek raka endometrium linii

Ishikawa indukuje zmiany w transkryptomie mRNA i miRNA, w tym zwigzanym ze

zjawiskiem lekoopornosci i szlaku kaspaz.

. Potwierdzono, ze salinomycyna w najwi¢kszym stopniu zmienia profil ekspresji

trzech genow zwigzanych z utratg adekwatnej odpowiedzi na leczenie, mianowicie:

TUFTI, MTMRI11, SLC3045.

. Potwierdzono wplyw salinomycyny na szlak sygnalowy zalezny od kaspaz.

Najwigksze zmiany ekspresji zaobserwowano dla CASP3, CASPS, CASPY.
Potwierdzono, ze salinomycyna indukuje proces apoptozy komorek raka endometrium

w glownej mierze przez szlak mitochondrialny.

. Najwigckszy zwigzek pomigdzy mRNA i miRNA odnotowano dla par: TUFTI

i hsa-miR-3188, MTMRII 1 has-miR-16, SLC3045 i hsa-miR-30d, CASP3
1 hsa-miR-30d, CASPS i hsa-miR-21oraz pomiedzy CASP9 i hsa-miR-1271.
Potwierdzono, iz w raku endometrium profil ekspresji SEMA3B jest odmienny niz
w warunkach fizjologicznych i zalezy od stopnia histopatologicznego zrdéznicowania
raka oraz rodzaju komoérek, w ktorych oceniono ekspresje SEMA3B.

Ocenione w niniejszej pracy geny, czasteczki miRNA 1 biatka moga by¢ uzytecznymi
uzupehiajagcymi markerami w diagnostyce raka endometrium i detekcji lekoopornosci

na leczenie.
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8. Streszczenie

Wstep: Wystgpienie zjawiska utraty adekwatnej odpowiedzi na leczenie
przeciwnowotworowe (lekoopornos¢) zwigzane jest, m.in. z wystgpieniem nowych
mutacji DNA, zmianami metabolicznymi w komorkach nowotworowych, inaktywacja
leku, hamowaniem apoptozy komoérek nowotworowych, przejsciem nabtonkowo-
mezenchymalnym (EMT), heterogenicznoscia komorek tworzacych mase guza,
wpltywem czynnikow epigenetycznych, jak réwniez dowolng kombinacjg wymienionych
czynnikow.

Nalezy takze pamigta¢ o roli mechanizméw epigenetycznych zaangazowanych
w utrat¢ adekwatnej odpowiedzi na leczenie, w tym regulacji ekspresji genow przez
czasteczki miRNA.

Obiecujacym lekiem w terapii przeciwnowotworowej wydaje si¢ by¢
salinomycyna, ktorej jeden z mechanizmoéw dziatania jest zwigzany z indukcja
nieprawidlowej rownowagi jonowej pomiedzy jonami sodu i potasu w blonach
komoérkowych, co w konsekwencji prowadzi do apoptozy komoérek nowotworowych.

Semaforyny (SEMA) naleza do grupy btonowych bialek uczestniczacych
w regulacji takich proceséw komorkowych jak: proliferacja, migracja komorek
nowotworowych, angiogeneza. Uczestniczg takze w procesie powstawania zjawiska
lekoopornosci.

Pomimo badan nad rola SEMA3B w nowotworzeniu, na podstawie dostepnej
literatury, zwigzek miedzy ekspresja SEMA3B a wskaznikiem przezycia catkowitego u

pacjentow z rakiem endometrium nie zostat jeszcze ustalony.

Cel: Gléwnym celem pracy bylo wyznaczenie profilu ekspresji mRNA i miRNA
zwigzanych ze zjawiskiem lekoopornosci i szlakéw sygnatowych zaleznych od kaspaz
w komorkach raka endometrium linii Ishikawa traktowanych salinomycyng

w porownaniu do hodowli kontrolne;.

Material i metody: Hodowle komorek raka endometrium linii Ishikawa eksponowano
na salinomycyn¢ w stezeniu 1 uM przez okres 12, 24 i 48 godzin w porOwnaniu
do hodowli kontrolnej, ktorg stanowity komorki nietraktowane lekiem.

Do grupy badanej wilaczonych zostalo 45 pacjentek z rozpoznanym rakiem

endometroidalnym endometrium, w wieku powyzej 45 lat, w tym 17 pacjentek z rakiem
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w stopniu histopatologicznego zréznicowania G1, 15 pacjentek z rakiem w stopniu G2 i
13 pacjentek z rakiem w stopniu G3. Probki zostaly uzyskane w trakcie zabiegu
histerektomii i1 nastgpnie ocenione pod wzgledem histopatologicznym, co pozwolito
na podziat preparatow wzgledem stopnia histopatologicznego zréznicowania raka
endometrium.
Do grupy kontrolnej wiaczono 15 pacjentek, u ktérych preparaty endometrium
zostaly pobrane w trakcie histerektomii wykonanej z powodow nieonkologicznych.
Analiza molekularna obejmowata ekstrakcje catkowitego RNA z komorek raka
endometrium, ocen¢ jakosciowa i iloSciowa ekstraktow, wyznaczenie profilu ekspresji
mRNA zwigzanych ze zjawiskiem lekoopornosci 1 szlakiem kaspaz technikg
mikromacierzy oligonukleotydowych oraz wytypowanie mikro RNA (miRNA)
potencjalnie regulujacych ekspresje¢ ocenianych transkryptow z zastosowaniem
mikromacierzy miRNA. W materiale klinicznym ekspresje SEMA3B wyznaczono

technikg barwienia immunohistochemicznego.

Wyniki: Oceniajac  mikromacierzowy profil ekspresji genow  zwigzanych
z lekooporno$cia zaobserwowano, ze liczba roznicujacych mRNA hodowle inkubowang
z lekiem od kontroli w zalezno$ci od czasu ekspozycji komoérek na salinomycyne jest
nastepujacy: H 12 vs K - 9 mRNA, H 24 vs K - 7 mRNA, H 48 vs K - 1 mRNA.
Najwigksze zmiany ekspresji stwierdzono dla gendéw: TUFTI, ABCBI, MTMRI]I,
SLC3045.

Na podstawie przeprowadzonej analizy predykcyjnej, najwigksze powinowactwo
stwierdzono pomigdzy TUFTI i1 hsa- miR-3188 (FC + 2.48), MTMRI1 i has-miR-16
(FC -1.74) oraz pomigdzy SLC30AS5 i hsa-miR-30d (FC -2.01).

Z kolei dla szlaku kaspaz zaobserwowano, ze liczba mRNA roznicujacych komorki
raka endometrium eksponowanych na salinomycyng¢ w poréwnaniu z hodowla kontrolng
dla kazdego czasu inkubacji komorek z lekiem jest nastepujaca: H 12 vs K - 8 mRNA ,
H 24 vs K - 10 mRNA, H 48 vs K - 3 mRNA. Ponadto zaobserwowano, ze 5 z 14
roznicujgcych mRNA roznicowato hodowlg raka endometrium linii Ishikawa niezaleznie
od czasu inkubacji komorek z lekiem i odpowiadaty genom: CASP3, CASPS, i CASP9.

Najwyzsze prawdopodobienstwo wptywu oddziatywani na ekspresj¢ mRNA CASP3
zaobserwowano dla hsa-miR-30d ($rednia wartos¢ FC -2,01). Z kolei najwigksze

prawdopodobienstwo wptywu na profil ekspresji mRNA CASPS odnotowano dla
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hsa-miR-21 ($rednia warto$¢ FC +1,31) a ekspresja mRNA CASPY9 wydaje si¢
by¢ potencjalnie regulowana przez hsa-miR-1271 ($§rednia wartos¢ FC +1,71).

Na podstawie przeprowadzonych badan odnotowano ekspresje¢ SEMA3B
w komorkach nowotworowych endometrium, srédbtonka naczyniowego oraz zrebu guza,
przy czym w komorkach raka endometrium najwigksza ekspresje stwierdzono w stopniu
G1, w komorkach zrgbu w wycinkach G2, a w komodrkach §rodbtonka w probkach raka

o stopniu zréznicowania G3.

Whioski: Na podstawie przeprowadzonych badan w ramach niniejszej pracy
potwierdzono, ze salinomycyna dodana do hodowli komddek raka endometrium linii
Ishikawa indukuje zmiany w transkryptomie mRNA i miRNA, w tym zwigzanym
ze zjawiskiem lekoopornosci i szlaku kaspaz. Ponadto zaobserwowano, ze salinomycyna
indukuje proces apoptozy komoérek raka endometrium w gléwnej mierze przez szlak
mitochondrialny. Stwierdzono takze, iz w przebiegu raka endometrium ekspresja
SEMA3B jest odmienna niz w warunkach fizjologicznych. Potwierdzony zostat $cisty
zwiazek miedzy potencjatem do przerzutowania a nasileniem procesu angiogenezy oraz
wystgpowanie interakcji pomiedzy szlakami sygnalowymi w procesie transformacji

NOWOtworowe;j.

Stowa kluczowe: rak endometrium, lekoopornos¢, kaspazy, miRNA, SEMA3B
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9. Abstract

Introduction: The occurrence of the phenomenon, where loss of an adequate response
to anti-cancer treatment is observed, or drug resistance, is connected with, among other
things: the occurrence of new DNA mutations; metabolic changes in cancer cells; drug
inactivation; inhibition of cancer cell apoptosis; the epithelial-mesenchymal transition
(EMT); heterogeneity of the cells constituting the tumor mass; the influence of epigenetic
factors; as well as any combination of the listed factors.

The role of epigenetic mechanisms engaged in the loss of an adequate response to
treatment should be remembered, including the regulation of gene expression through
miRNA molecules.

A promising drug in anti-cancer therapy seems to be salinomycin, a mechanism
of which is related to the induction of an improper ion balance between sodium and
potassium in cell membranes, which consequently leads to cancer cell apoptosis.

Semaphorins (SEMA) belong to a group of membrane proteins which participate
in the regulation of such cell processes like: proliferation; cancer cell migration;
angiogenesis. They also participate in the process of the drug resistance phenomenon
occurring.

Despite research into the role of SEMA3B in cancer formation, based on the current
available literature, the relationship between the expression of SEMA3B and the overall
survival rate in endometrial cancer patients has as of yet, not been established.

Aim: The main aim of this study was to determine the expression profile of mRNA and
miRNA related with the drug resistance phenomenon as well as the signaling pathways
dependent on caspases in Ishikawa line endometrial cancer cells treated with salinomycin

compared to the control culture.

Materials and Methods: Ishikawa line endometrial cancer cells were exposed to
salinomycin at a concentration of 1uM over a period of 12,24 and 48 hours, compared to
a control culture, which was formed of cells untreated by the drug.

The study group consisted of 45 patients diagnosed with endometrial cancer,
above 45 years of age, including 17 patients with a cancer at a histopathological
differentiation grade of G1, 15 patients with a cancer at a grade of G2, and 13 patients
with a cancer at a grade of G3. Samples were obtained during a hysterectomy and
afterwards were assessed in histopathological terms, which allowed for the separation of

the samples based on the endometrial cancer histopathological differentiation grade.
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The control group consisted of 15 patients, in which endometrial samples were
taken during hysterectomy, conducted due to non-oncological reasons.

Molecular analysis included the extraction of whole RNA from endometrial
cancer cells, assessing the quality and quantity of the extracts, determining an expression
profile of the mRNA related with the occurrence of the drug resistance phenomenon and
the caspase pathway through the oligonucleotide microarray technique as well as
determining the micro-RNA (miRNA) potentially regulating the expression of the
assessed transcripts using miRNA microarrays. In the clinical material, the expression of

SEMA3B was determined using immunohistochemical staining.

Results: Assessing the microarray expression profile of genes related to drug resistance,
it was observed that the number of mRNA differentiating the culture incubated with the
drug from the control, depending on the exposition time of the cells to salinomycin was
the following: H 12 vs C —9 mRNA; H 24 vs C - 7 mRNA; H 48 vs C - 1 mRNA. The
largest changes in gene expression were determined for: TUFT1; ABCB1; MTMR11;
SLC30AS.

On the basis of the predictive analysis carried out, the strongest relationship was

noted between: TUFTI and hsa- miR-3188 (FC + 2.48); MTMR11 and has-miR-16 (FC -
1.74); as well as between SLC30A45 and hsa-miR-30d (FC -2.01).
In turn, for the caspase pathway, it was observed that the number of mRNA differentiating
the endometrial cancer cells exposed to salinomycin compared with the control culture
for each incubation time of the cells with the drug were: H 12 vs C - 8§ mRNA; H 24 vs
C-10 mRNA; H 48 vs C - 3 mRNA. Furthermore, it was observed that 5 out of the 14
differentiating mRNA differentiated the Ishikawa line endometrial cancer cell culture
regardless of the incubation time of the cells with the drug and corresponded to the genes:
CASP3; CASPS; CASP9.

The highest probability of influencing the CASP3 mRNA expression was
observed for hsa-miR-30d (average FC value — 2.01). In turn, the highest probability of
influencing the expression profile of the CASP8 mRNA was noted for hsa-miR-21
(average FC value +1.31), while the expression of the CASP9 mRNA seems to be
potentially regulated by hsa-miR-1271 (average FC value +1.71).

Based on the conducted research, the expression of SEMA3B was noted in
endometrial cancer, vascular endothelium, and tumor stroma cells, of which, the highest

expression determined in endometrial cancer cells was at a G1 grade, in tumor stroma cell
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clippings it was G2, while in endothelial cells in cancer samples, the grade of

differentiation was G3.

Conclusions: Based on the conducted research as part of this study, it was confirmed that
salinomycin added to the Ishikawa line endometrial cancer cell culture indices changes
in the mRNA and miRNA transcriptome related to the drug resistance phenomenon and
caspase pathway. Furthermore, we observed that salinomycin induces apoptosis in
endometrial cancer cells, mainly through the mitochondrial pathway. It was also
determined that during endometrial cancer, the expression of SEMA3B is different than
under physiological conditions. A close relationship between the metastatic potential and
the intensity of angiogenesis was confirmed as well as the occurrence of an interaction
between the signaling pathways in the neoplastic transformation process.

Keywords: endometrial cancer; drug resistance; caspases; miRNA; SEMA3B
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Abstract: Background: It is important to understand the molecular mechanisms involved in cancer
drug resistance and to study the activity of new drugs, e.g. salinomycin.

Objective: The purpose of the study was to analyze changes in the expression of genes associated with
drug resistance in the Ishikawa endometrial cancer cell line when treated with salinomyecin. In addition,
changes in the level of miRNA potentially regulating these mRNAs were evaluated.

Materials and Methods: Endometrial cancer cells were treated with | uM of salinomyein for 12, 24
and 48 hours periods. Untreated cells were a control culture. The molecular analysis consists of mRNA
and miRNA microarray analysis and the RTqPCR technique.

Results: The following was observed about the number of mRNAs differentiating the cell culture ex-
posed to the drug compared to a control culture: H-12 vs. C - 9 mRNAs, H_24 vs. C — 6 mRNAs, and
H 48 vs. C - 1 mRNA. It was noted that 4 of the 9 differentiating mRNAs were characteristic for 12
hours of exposure to salinomycin and they correspond to the following genes: TUFTI, 4BCBI,
MTMR11, and MX2. After 24 hours, 2 mRNAs were characteristic for this time of incubation cells
with salinomyein: 7U/FT7 and MYDSS8 and after 48 hours, SLC3045 could also be observed. The high-
est differences in expression were indicated for TUFT, MTMR 11, and SLC3045. The highest influ-
ence probability was determined between 7UFT1 and hsa- miR-3188 (FC + 2.48), M7TMR 1 Iand has-
miR-16 (FC -1.74), and between SLC3045 and hsa-miR-30d (FC -2.01).

Conclusions: Salinomyein induces changes in the activity of mRNA and niRNA participating in drug
resistance; however, the observed changes in character are the expected result of anti-cancer treatment.
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1. INTRODUCTION

The occurrence of drug resistance was first observed in
relation to the loss of sensitivity by bacterial cells to antibiot-
ics [1]. In order to get a better understanding of etiopatho-
genesis, for many mflammatory illnesses, the understanding
of drug resistance was widened also for other drugs, not just
antibiotics, and therefore also non-bacterial illnesses. The
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loss of an adequate answer to treatment is observed in oncol-
ogy [2, 3]. It 1s suggested that the described occurrence is
connected with the appearance of new genetic mutations,
metabolic changes in cancer cells, the inactivation of the
drug, changes in the molecular focus of treatment, terminat-
ing the process of programmed cell death, the Epithehal-
Mesenchymal Transition (EMT), cell heterogeneity, the in-
fluence of epigenetic factors, as well as any mixture of the
aforementioned factors [4, 5].

For this reason, it is indicated that a combined therapy
using more than one drug simultaneously could be a better
therapeutic strategy option in comparison to monotherapy.

© 2020 Bentham Science Publishers
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This procedure depends on the synergistic effect of drugs,
whose therapeutic effect 1s greater than if each of the drugs
were used separately [6].

One of the mechanisms comnected with resistance to
treatment is a lowered activation of the drug. This situation
was noted, among others, for therapy of acute myeloid leu-
kemia, in treatment where cytarabine is used (AraC), being a
representative of nucleoside drugs, activated by a range of
phosphorylation reactions. A disorder of this cascade results
in an inability to transform AraC to the active metabolite - a
triphosphate of AraC [7]. Another potential mechanmsm that
induces drug resistance is changes in the expression levels of
cytokines, growth factors, receptors comnected with the sig-
naling pathway towards which the used treatment is directed,
such as members of the epidermal growth factor receptor
family (EGFR) and other molecules connected with the cas-
cade activated by it, and mainly Ras, Src, Raf and MEK [8].
A relatively new area of research into drug resistance to
chemotherapeutics is the role of EMT in it, during which
changes in the expression of adhesion receptors of cells is
observed- integrin and cadherin as well as metalloproteinases
[9, 10]. It 1s also worth remembering the role of epigenetic
mechanisms involved in the loss of an adequate response to
treatment [11]. The phenomenon of drug resistance was ob-
served also in gynecological tumors, including endometrial
cancer, highlighting the multi-factor character of the ob-
served changes [12, 13]. Better knowledge and understand-
mg regarding molecular organisms, which undergo modifica-
tions during oncological treatment as well as those which are
connected with the appearance of drug resistance incline
towards not only finding new detection marker systems of
this process but also adding new drugs to the treatment. One
of the drugs with a promising anticancer effect is salinomy-
cin, an ionophore antibiotic expressing an effect towards
microorganisms and also cancer stem cells [14, 15]. Howev-
er, as of now, not much research has been done assessing the
effect of salinomycin on endometrial cancer cells. One of the
most popular and recommended in vifro study endometrial
cancer cell lines is the Ishikawa cell line which is character-
ized by the highest proliferation properties compared to other
endometrial cancer lines, such as R1.95-2 and KLE. It is also
important that their resistance to anti-cancer drugs is de-
scribed for Ishikawa cells [16-18].

The purpose of the study was to analyze the variances in
the expression pattern of genes associated with drug re-
sistance in the Ishikawa endometrial cancer cell line when
treated with salinomycin. Additionally, the changes in the
level of miRNA potentially regulating these mRNAs were
evaluated.

2, MATERIALS AND METHODS
2.1. Cell Culture

As material in this project, the Ishikawa endometrial can-
cer cell line was used. The culture was carried out in the
Minimum Essential Medium (MEM) with 2 mM of gluta-
mine, 1% Non-Essential Amino Acids (NEAA), and 5%
Fetal Bovine Serum (FBS), according to the manufacturer's
protocol. The cells were incubated at a constant temperature
of 37°C with a 5% CO2 enriched atmosphere. All reagents
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were purchased from the Sigma Aldrich company (St Louis,
MO, USA).

In order to indicate the influence of salinomycin on both
mRNA and miRNA expression, 1 uM of the drug was added
to the cells and cultured for 12, 24 and 48 hours. Control
cells were not treated with salinomyein.

2.2. RNA Extraction

Total ribonucleic acid extraction was carried out with
TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA,
USA) according to the manufacturer’s protocol. Next, ex-
tracts of RNA were purified by using DNAse [ enzyme. The
last step was associated with diluting extracts in 20 pl of
sterile water and frozen at -70°C to the time when the molec-
ular analysis was done.

Total RNA extracts were qualitatively assessed by elec-
trophoresis on a 1% agarose gel stained with 0.5 mg/ml eth-
idium bromide (Sigma Aldrich, St. Louis, MO, USA). Based
on the analysis of the image of the electropherogram in the
light of the UV transilluminator, two bands corresponding to
the 28S and 18 S rRNA fractions were visualized. The con-
centration and purity of the extracts were assessed by spec-
trophotometry. The concentration was determined assuming
that 1 OD3g = 40 pg RNA in 1 ml of extract. Absorbance
increase at other wavelengths indicated contamination (230
nm - carbohydrate contamination, ethanol residues, EDTA;
280 nm - protein; 320 nm - cellular particles, degradation of
the genetic material in the sample). The degree of purity of
the extracts was assessed based on the value of the ratio
A260/A280 (standard 1.8-2.0). Extracts that met the qualita-
tive and quantitative assessment assumptions were consid-
ered at the later stages of the molecular analysis.

2.3. Microarray Analysis

Evaluation of expression pattern of mRNAs associated
with the drug resistance was performed with the use of oli-
gonucleotide microarrays HG-U133A 2 0 (Affymetrix, San-
ta Clara, CA) as suggested by the manufacturer. Assessment
of the expression profile of miRNAs participating in the reg-
ulation of drug resistance of genes was carried out using
GeneChip® miRNA 2.0 Arrays (Affymetrix, Santa Clara,
CA). The detailed protocol for molecular analysis was de-
scribed previously [19].

2.4. RTqPCR

In the third step of the molecular analysis, the RTqPCR
reaction was performed to validate changes in transcriptional
activity of mRNA TUFTI, MTMRII, and SLC3045. For
these genes, a 2.5 or higher fold change in expression was
observed in microarray analysis. It was conducted using
SensiFAST™ SYBR No-ROX One-Step Kit, (Bioline, Lon-
don, UK). B-actin (ACTB) was used as an endogenous con-
trol. Expression was presented as a fold change of gene ex-
pression compared to control (the 22 method).

Nucleotide sequence of primers used in RTqPCR
analysis were as follows: TUFTI (Forward 5° - ATTTT-
GGTTTTGAATGATTTTGTAG - 3'; Reverse 5 - AACAC-
ACCTATAATCCCAACTACTC - 3'), MTMRII (Forward
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5 -TGGATGGTAGTGGAATTAGGATATT - 3'; Reverse 5
- AACCTCAAAACCAACTCTAAACAAC - 3°; SLO3045
(Forward 5° - GTTTTTGTTATGGGGGAGTGA - 3°; Re-
verse 57 - CAACTTTTAAAAAATCATATAATIC - 37;
ACTB (Forward: 5-TCACCCACACTGTGCCCATCTAC-
GA-3"; Reverse:5’-CAGCGGAACCGCTCATTGCCAAT-
GG-37).

2.5. EL1SA Assay

The last stage of molecular analysis was associated with
determining differences in the expression of TUFTI protein
(TUFT ELISA kit Human Tuftelin (TUFT) ELISA Kit;
Catalog # MBS2104898); MTMR11 (MTMRI11, Polyelonal
Antibody, Catalog #MBS7000832) and SLC30AS5
(SLC30AS, Monoclonal Antibody; #MBS6001665) via the
ELISA technique (Thermo Fisher Scientific, CA, USA) ac-
cording to the manufacturer's protocol (MyBioSource, Inc.,
San Diego, CA, USA).

2.6. Statistical Analysis

Statistical analysis of the microarray data was carried out
using the Transcriptome Analysis Console (Thermo Fisher,
USA) and STATISTICA 13 PL (Cracow, Poland) software
to analyze the results obtained by RTqPCR. The one-way
ANOVA and Tukey's post-hoc tests were used to determine
differentially expressed genes ([FC[>1; p<0.05). In order to
show which of miRNAs are engaged with regulating the
expression of selected mRNAs, the microRNA database
(hitp://microrna.org) was used as suggested in the protocol
[20].

3. RESULTS

Based on the Affymetrix database, it was confirmed that
47 from 22227 mRNAs present on the microarray plate are
associated with the drug resistance phenomenon. The one-
way analysis using the ANOVA variance test with Benja-
mini-Hochberg’s procedure was used to compare all exam-
ined transcriptome groups to the control group and ascertain
which of the noted variances in mRNA expression were sta-
tistically significant (p<0.05). It was observed that 17
mRNAs differentiated the cell culture when exposed to sali-
nomycin compared to a control of endometrial cancer culture
(p=0.05). Next, the post-hoc Tukey test was performed. This
step of the statistical analysis allowed to indicate the number
of mRNAs specifically differentiating the culture with the
drug from the control. Based on the obtained results, it might
be noted that the number of mRNAs differentiating endome-

Table 1.
comparison Tukey's test (p<0.05).
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trial cancer cells exposed to salinomycin, compared with the
control cell culture for each time of cell incubation with the
drug is as follows: H-12 vs. C - 9 mRNAs, H 24 vs. C - 6
mRNAs, H_48 vs. C - | mRNA (Table 1).

Black - 17 mRNA determined by ANOVA, which differ-
entiated the analyzed groups of transcriptomes; Blue color -
number of MRNA representative for the differentiation of the
tested transcriptome groups assuming p <0.05; Red - number
of unrepresentative mRNAs in differentiating compared
groups; H-C - control culture; H-12, H-24, H-48 - Ishikawa
cell culture exposed to cisplatin for 12, 24, 48 hours,

It was observed that 4 of 9 differentiating mRNAs were
characteristic for 12 hour-long exposure of cells to salino-
myecin and they correspond to the following genes: TUFT],
ABCBI, MIMRII, and MX2. After 24 hours, 2 mRNAs were
characteristic for this incubation time of the cells with sali-
nomyein: TUFTI, MYDSS and after 48 hours the same could
be observed for SLC3045. No mRNA differentiating the
Ishikawa culture with the drug depending on the exposition
time was determined (Fig. 1). In Table 2, changes in expres-
sion of mRNAs differentiating the cell cultures exposed to
salinomycin compared to a control, untreated cells, are
shown.

H-12vs C H-24vs C

9 mRNAs 7 mRNAs

p<0.05 p<0.05
H-48 vs C
I mRNA
p<0.05

Fig. (1). Venn diagram showing microarray results.
Differences in transcriptional activity of ¥UFTY,

MTMRII, and SLC3045 depending on the exposure of the
cells to salinomycin obtained by RTqPCR. The expression
pattern of these three genes designated vie microarray tech-
nique was confirmed using the RTqPCR technique (Fig. 2).

The number of mRNAs differentiating the individual transeriptome groups indicated with the use of the post-hoc multi-

Transcriptome Group H-C H-24 H-48 H-12
H-C 17 6 1 9
H-24 8 17 8 7
H-48 16 8 17 9
H-12 11 10 9 17
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Table2. List of mRNAs associated with the drug resistance phenomenon, differentiating endometrial cancer cells treated with sali-
nomycin, compared to the control culture.

D Gene Symbol 12 Hours F(.,‘ 24 Hnun"s FC 48 Hours FC
(Up/Down) (12 Hours vs. C) (Up/Down) (24 Hours vs. C) | (Up/Down) | (48 Hours vs. C)
205807 _s_al TUFTY Down -2.78 Down =246 Up +1.08
209993 _at ABCHI Down -1.42 - Down -1.36 - Up +1.19
209994 s at ABCB/Y Down -1.48 Down -1.22 Up +1.09
205076 s at MTMRIT Down -3.01 Down -3.99 Down -2.01
204994 _at MX2 Up +1.22 Up +1.24 Down -1.08
209124 at MYDSS Up +1.14 Up +1.15 Down -1.01
204928 s_at SLC3045 Up +3.25 Up +1.36 Up +1.41
207095_at SLCIOA2 Down -1.25 Down -1.14 Up -l.16
207185 _at SLCIOA! Up +1.43 Down -1.03 Up +1.17
207293 s al AGIR2 Down -1.19 Up +1.07 Up +1.04
207294 _at AGIR2 Down -1.11 Up +1.12 Up +1.05
222046_al SRRT Down -1.04 Up +1.38 Up +1.08
222047 _s_at SRRT Down -1.03 Down -1.10 Down -1.19
208220 x at AMELY Down -1.10 Up +1.06 Up +1.23
208410_x_at AMELX Up +1.33 Up +1.19 Up +1.33
205075_at SERPINE2 Up +1.25 - Down -1.16 - Up +1.03
206024 _at HPD Up +1.06 Up +1.17 Up +1.17

{+) Overexpression of gene {increased level of mRNAs); (-} suppressed gene expression (decreased level of mRNAs), ID - ID ol the probe on a microarray; IFC - [old change;
C - control colture; 12h. 24h. 48h tme of exposure to salinomyein™.

Fold change
>
=
(%]
=
-
==

W mRNATUFT! | mRNAMTMRI1 B mRNA SLC30AS

exposure time cells to salinomyein [hours]

Fig. (2). Expression level of TUFTI, MTMR!1 and SLC3045 depending on the exposure time of the Ishikawa cell line to salinomycin (RT-
qPCR). (A higher resolution colour version of this figure is available in the electronic copy of the article).

The next step of our analysis was focused on analyzing [shikawa cell culture. The highest level can be observed for
changes in the level of TUFTL, MTMRI11, and SLC30A5 at TUFT in control and SLC30A5 in endometrial cells treated
the protein level. The results showed a decreasing expression with the drug for 48 hours (Fig. 3). The changes in expres-
of the selected protein in cell culture exposed te salinomycin sion at the protein level has the same tendency as at the tran-
for 12, 24 and 48 hours periods in comparison to a control scriptome level (Table 1, Fig. 2, and 3).
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24 48

exposure time cells to salinomycin [hours]

®mTUFT1 = MTMR11

SLC30A5

Fig. (3). Expression level of TUFT1, MTMRI11 and SLC30AS5 depending on the exposure time of the Ishikawa cell line to salinomycin
(ELISA assay). (4 higher resolution/colour version of this figure is available in the electronic copy of the article).

The last part of this research involved identifying the
micro RNA molecules (miRNAs) that potentially regulate
the expression of TUFTI. MTMRI1 and SLC30435. Taking
into account, the miRNA SVR score parameter relation be-
tween the respective miRNA and mRNA was concluded.
The highest influence probability was determined between
TUFT! and hsa- miR-3188 (FC + 2.48). MTMR]iand has-
miR-16 (FC -1.74). and between SLC3045 and hsa-miR-30d
(FC-2.01).

4. DISCUSSION

Problems of effective therapy in neoplastic illnesses are
the cells that make up the tumor gaining resistance to the
used treatment [2,3]. The development of molecular biology,
including the spread of techniques allowing to determine
changes on the genome, transcriptome and proteome levels
allow for more knowledge to be gained on the topic of mo-
lecular mechanisms of cytostatics as well as indicate changes
lying at the basis of the loss of sensitivity to treatment [21].
The drug to which huge hopes are tied to regarding overcom-
ing drug resistance is salinomycin. This antibiotic was first
used for bacterial infections, it affects the ion equilibrium in
a cell, inducing the process of apoptosis. It was determined
that salinomycin decreases the expression of adenosine tri-
phosphate-binding cassette transporter i multidrug re-
sistance cells, as well as also influencing signaling pathways:
Akt signaling pathway, Wnt/P-catenin, Hedgehog, and
Notch pathways [22, 23].

Nonetheless, however, it seems important to determine
whether and if so in what way salinomycin affects the ex-
pression profile of mRNA encoding proteins connected with
drug resistance as well as miRNA regulating their expres-
sion. As part of this goal and as part of this work, a screening
microarray analysis was carried out on the transcriptomes of
mRNA and miRNA having a connection to drug resistance.
According to our knowledge, it is the first work in regards to
assessing the changes in the expression of genes mvolved
with drug resistance in endometrial cancer during the use of
salinomyein.
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It was observed that salinomycmn affects the expression
of the analyzed panel of genes as well as miRNA mvolved in
the regulation of their transcriptional activity. Based on the
obtained results, it was determined that the largest number of
differentiating mRNA appears with the shortest exposure time
of the cells to the drug and decreases paired with an extension
of the time of salinomycin working on endometrial cancer
cells. A reduction in the number of differentiating mRNA to-
gether with the time could be a result of a decreasing concen-
tration of the drug m the environment of the cancer cells. Fur-
thermore, it is worth noting that the influence of salinomycin
on the expression of the analyzed genes seems to be relative-
Iy low. This is supported by the fact that the observed changes
in the transcriptional activity are small. In principle, only for 3
transeripts, TUFTI, MTMRI11 and SLC3045, from the 17 de-
fined as differentiating, the fold change in the expression was
on a level equal to or higher of 2.0.

TUFT! encodes tuftelin, a protein that has a significant
role in the process of reconstruction and enamel mmeraliza-
tion. The role of TUFT! in the process of carcinogenesis was
indicated. Dou et al. describe the increased expression of
TUFT! in hepatocellular cancer, which correlates with an
unfavorable prognosis. Furthermore, they observed that in
the induction and fixation of hypoxia in the microenviron-
ment of a tumor, the gene HIF!a (Hypoxia-inducible factor
1a) plays an important role and has an affinity for TUFT].
They mdicate that tuftelin increases the expression of HiFiq,
which favors the proliferation of cancer cells as well as the
mduction of the epithelial-mesenchymal transition through
the activation of the Ca 2+ /PI3K/AKT and Snail pathways.
Therefore, also stopping the expression of this gene seems to
be an interesting target of anticancer therapy [24]. The de-
termination of a lowered transcriptional activity of TUFTI
under the influence of salinomycin suggests that the drug
shows an ability to induce changes mn the microenvironment
surrounding the cancer cells, decreasing the level of hypoxia.
In turn, Schulten et @l. noted an increase in the expression of
TUFT1 in cancer cell lines induced by metformin [25],
which indicates the pleiotropic effect of tuftelin and its role
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in controlling the metabolism. Liu ef ¢/, analyzed changes in
the expression pattemn in triple-negative breast cancer. They
noted that its activity increases in cancer samples. They also
analyzed the mechanism of tuftelin working on cells, deter-
mining that the protein is an inhibitor of a pathway depend-
ent on the kappa B factor (NFkB) and pro-apoptotic factors
[26]. Taking into account, therefore these observations [24-
26] along with classifymg TUFTI mRNA, based on the on-
tology of the genes, to genes of drug resistance, it seems
reasonable to assume that the analysis of the expression of
this transcript could be a beneficial molecular marker of as-
sessing the effectiveness of anticancer treatment, and thereby
the possibility of drug resistance manifestation. This also
suggests that salinomycin counteracts the appearance of drug
resistance. It i1s also not out of question that the expression
TUFT1 could be one of the most sensitive markers for moni-
toring the conditions in the microenvironment of the tumor.
This microenvironment of cancer cells plays a key role in the
mduction of progression and metastasis [27].

The second of the two genes whose expression after 12
and 24 hours from adding salinomyecin into the culture is
over 3 times higher than m the control is the MTMRI!
mRNA which encodes myotubularin related protein 11. A
further extension of the incubation of the cells with salino-
mycin to 48 hours continued to cause overexpression of the
gene at a level of 2-fold compared to the control culture. The
participation of proteins of the myotubularin protein family
is described mainly in the context of Charcot-Marie-Tooth
neuropathy. Recent research indicates that these proteins
show a lipid phosphatase activity affecting the phosphatidyl-
mositol 3-monophosphate associated with the phosphatidyl-
mositol 3-kinase pathway (PI 3-kinase) [28]. Not much,
however, is known about the subject of the role of the
MTMRII gene and the encoded proteins in carcinogenesis.
Nonetheless, however, in many types of cancer [29], includ-
ing endometrial cancer, excessive stimulation of the signal-
g pathway was described (PI 3-kinase) [30]. In turn, a de-
crease in the expression of MTMRI ! suggests that salinomy-
cin has an effect on the PI 3-kinase cascade, which is a new
therapeutic target in terms of endometrial cancer [31].

The third gene for which the largest change in expression
was determined was SLC30435, which codes for the trans-
porter of zinc (Zn) located on the surface of endoplasmic
reticulum membranes, which controls the influence of zinc
ions on cells [32]. This protemn 13 a part of a larger family of
zinc transporters that take part m neoplasia and the progres-
sion of cancer. Increased expression of SLC39A6, SLC30A5,
SLC39A7, SLC39A9, SLC39A10 and SLC39A11 was noted,
which makes up part of the adaptation mechanism for cancer-
ous cells characterized by an increased need for zine [33].
Singh et al observed a decreased expression for SLC30A5 in
the case of prostate cancer, which appeared alongside the
progression of cancer [34]. Therefore, also the noted expres-
sion pattern of SLC3045 in endometrial cancer cells treated
with salinomycin confirms the anticancer effects of the drug
as well as the pursuit of cells to achieve homeostasis.

The second part of microarray analysis was connected
with the assessment of the expression of miRNA potentially
regulating the expression of three previously discussed
genes.
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The highest influence probability was determined be-
tween TUFT1 and hsa- miR-3188 (FC +2.48), MTMR11and
has-miR-16 (FC -1.74), and between SLC30A5 and hsa-
miR-30d (FC-2.01). Comparing with each other, mRNA and
miRNA profiles can be confirmed with the regulatory role of
the RNA mterference mechanism in genes taking part in the
induction of diug resistance.

Zhao et al. in their research highlight that a decrease in
the transcriptional activity of miR-3188 1s an unfavorable
factor, stimulating the proliferation of differentiated cancer
cells as well as gaining resistance to chemotherapy [35]. On
the other hand, the analysis of Zhou et al. shows that the
overexpression of hsa-miR-3188 is connected with the pro-
cess of metastasis [36]. It is not out of question therefore that
the role of miR-3188 in the cancerous process is ambiguous,
depending on the biological context, such as the type of tis-
sue involved in carcinogenesis. This shows that the cancer-
ous transformation process 1s complex, and dependent on
many factors of the process. The silencing of the expression
was determined also in relation to hsa-miR-30d, described as
a suppressor of proliferation for cancer cells and activators of
apoptosis [37]. A decreased expression of hsa-miR-30d is
characteristic of the cancerous process and the activation of
the mesenchymal-epithelial transition (EMT) [38]. Nonethe-
less, however, a silenced expression of this miRNA corre-
sponds with an mcrease m the expression of SLC3045,
which is an expected result of salinomycin therapy, which
suggests a marginally negative effect of hsa-miR-30d on the
proliferation of endometrial cancer cells. The last of the dif-
ferentiating miRNA connected with the genes for which dif-
ferences in expression were the largest 1s hsa-miR-16d. The
silencing of its expression was determined, which accompa-
nies a simultaneous decrease in the expression of the
MTMRI1I gene. This could be connected with the fact that
the expression of this gene most likely 1s regulated to a
greater degree by the methylation of DNA [39]. Sromek et
al. indicated that an increased level of hsa-miR-16 is charac-
teristic of neoplasia and undergoes a decrease after removing
neoplastic changes in the case of lung cancer [40]. Therefore,
also decreased activity of this miRNA caused by salinomy-
cin 1s a beneficial phenomenon.

The carried out microarray analysis of the mRNA and
miRNA profile connected with drug resistance confirms the
complexity of mechanisms that play a key role in the cancer-
ous process and answer to anti-cancer treatment. However,
further analysis of the influence of salinomycin in the con-
text of other endometrial cancer cell lines, for example,
RL95-2 and KLE are necessary. Furthermore, data obtained
through the ELISA method need to be validated by Western
Blott analysis.

CONCLUSION

In summary, salinomycin causes changes in the transcrip-
tome of genes connected with drug resistance as well as
miRNA molecules engaged in the regulation of their expres-
sion. The analysis conducted using the microarray suggests
that the appearance of an adequate response to treatment in
the case of endometrial cancer using salinomyecin is relative-
ly small. This conclusion seems reasonable although this
drug induces changes in the activity of genes that play a role
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in drug resistance. The observed character of changes in the
expression profile is an expected result of anti-cancer thera-
py using salinomycin. Moreover, the complexity of the char-
acter of the observed changes was demonstrated and more
research is required.
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Abstract: Background: It is important to understand the molecular mechanisms involved in cancer
drug resistance and to study the activity of new drugs, e.g. salinomycin.

Objective: The purpose of the study was to analyze changes in the expression of genes associated with
drug resistance in the Ishikawa endometrial cancer cell line when treated with salinomyecin. In addition,
changes in the level of miRNA potentially regulating these mRNAs were evaluated.

Materials and Methods: Endometrial cancer cells were treated with | uM of salinomyein for 12, 24
and 48 hours periods. Untreated cells were a control culture. The molecular analysis consists of mRNA
and miRNA microarray analysis and the RTqPCR technique.

Results: The following was observed about the number of mRNAs differentiating the cell culture ex-
posed to the drug compared to a control culture: H-12 vs. C - 9 mRNAs, H 24 vs. C — 6 mRNAs, and
H 48 vs. C - 1 mRNA. It was noted that 4 of the 9 differentiating mRNAs were characteristic for 12
hours of exposure to salinomycin and they correspond to the following genes: TUFTI, 4BCBI,
MTMR11, and MX2. After 24 hours, 2 mRNAs were characteristic for this time of incubation cells
with salinomyein: 7U7FT7 and MYDSS8 and after 48 hours, SLC304 5 could also be observed. The high-
est differences in expression were indicated for TUFT, MTMR 11, and SLC3045. The highest influ-
ence probability was determined between 7UFT1 and hsa- miR-3188 (FC + 2.48), M7TMR 1 Iand has-
miR-16 (FC -1.74), and between SLC3045 and hsa-miR-30d (FC -2.01).

Conclusions: Salinomyein induces changes in the activity of mRNA and niRNA participating in drug
resistance; however, the observed changes in character are the expected result of anti-cancer treatment.

Keywords: Cancer drug resistance, salinomyecin, micro RNA, endometrial cancer cells, molecular analysis.

1. INTRODUCTION

The occurrence of drug resistance was first observed in
relation to the loss of sensitivity by bacterial cells to antibiot-
ics [1]. In order to get a better understanding of etiopatho-
genesis, for many mflammatory illnesses, the understanding
of drug resistance was widened also for other drugs, not just
antibiotics, and therefore also non-bacterial illnesses. The
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loss of an adequate answer to treatment 1s observed in oncol-
ogy [2, 3]. It 1s suggested that the described occurrence is
connected with the appearance of new genetic mutations,
metabolic changes in cancer cells, the inactivation of the
drug, changes in the molecular focus of treatment, terminat-
ing the process of programmed cell death, the Epithehal-
Mesenchymal Transition (EMT), cell heterogeneity, the in-
fluence of epigenetic factors, as well as any mixture of the
aforementioned factors [4, 5].

For this reason, it is indicated that a combined therapy
using more than one drug simultaneously could be a better
therapeutic strategy option in comparison to monotherapy.

© 2020 Bentham Science Publishers
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the transcriptional activity of genes in the context of carcino-
genesis [7, 8].

The activation of procaspases oceurs as part of two dif-
ferent mechanisms: homoactivation and heteroactivation.
The first of these involves the activation of initiator caspases
such as -8/-10 and -9 through autoproteolysis and is connect-
ed with the formation of complexes, such as death-inducing
signaling complex (DISC), which 1s significant in the course
of the receptor and mitochondrial pathways of apoptosis, as
well as Apoptosome. In the process of the forming of these
complexes, the oligomerization of caspase molecules is ob-
served. After that, molecular reorganization takes place of
the remaining complexes, which results in autoproteolysis of
mitiator procaspases and the formation of their active hetero-
tetramers. Full activation of caspases through oligomeriza-
tion increases their activity, which results in the activation of
further caspases (or caspase cascades). Whereas heteroacti-
vation leads to the catalytic attack of mitiator caspases (e.g. -
8/-10,-9), or other proteases, such as granzyme B or calpain
on exclusive caspases, as a consequence, the formation of
active enzymatic caspases takes place.

Molecular reorganization of the DISC complex leads to
the autoproteolysis of initiator procaspases (-2, -8, -9,-10)
and the creation of their active forms (heterotetramers),
through which the activation of regulator procaspases oc-
curs. These last enzymes, either individually or together with
other caspases, take part in protein proteclysis of cell sub-
strates, which leads to the damaging of the structure and
function of the cells as well as their death [9, 10]. Recent
findings indicate that a promising anticancer strategy is a
treatment using an ionophore antibiotic- salinomycin, its
high effectiveness was observed in the treatment of gyneco-
logical cancers such as breast and ovarian cancer, among
others, and also in the case of tumors characterized by a high
risk of developing drug resistance to chemotherapy [11].

As of now, the exact mechamsm through which salino-
mycin affects the apoptosis of changed cancer cells 1s not
understood fully. Nonetheless, however, what has been de-
scribed are the overexpression of caspases 3,8 and 9 of the
proapoptotic protein Bax; the decrease in the expression of
the anti-apoptotic protein Bcl2; nuclear factor kappa B
(NFkB) under the influence of salinomyein [12].

The endometrial cancer cell lines, such as Ishikawa (cor-
respond to histological grade 1 - G1 and type I endometrial
cancer), EC-1-A, HEC-1-B (correspond to histological grade
2 — G2 and type IT endometrial cancer) and KLE (correspond
to histological grade 3 — G3 and type II endometrial cancer)
are well-described, useful models for ir vitro analysis. The
Ishikawa cell line was originally obtained from a 39-year-old
Tapanese patient suffering from an endometrial adenocarci-
noma. Cells of Ishikawa culture are estrogens and progester-
one receptor positive. In turn, HEC-1-A and HEC-1-B were
obtained from a 71-year-old patient with diagnosed endome-
trial adenocarcinoma, while the KLE culture was obtained
from a 65-year-old woman in advanced disease [13].

Not much 1s known about the molecular working of sali-
nomycin on endometrial cancer cells. This has become a
premise for conducting research as part of this work.
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The aim of this study was to analyze the variances in the
expression pattern of signaling pathways that are caspase-
dependent in endometrial cancer cells of the Ishikawa cell
line when under the influence of salinomycin during treat-
ment using the drug. Additionally, changes in the miRNA
level that could potentially regulate these mRNAs were
evaluated.

2. MATERIAL AND METHODS

As material in this project, endometrial cancer cells from
cell line Ishikawa were used. The culture was carried out in
Minimum Essential Medium (MEM) with 2 mM of gluta-
mine, 1% Non-Essential Amino Acids (NEAA), and 5%
Fetal Bovine Serum (FBS), as recommended by the manu-
facturer. The cells were i a 5% CO2 enriched atmosphere at
a constant temperature of 37°C. All reagents that were used
were purchased from the Sigma Aldrich company (St Louis,
MO, USA).

In all parts of this study (cell culture, 1solation of RNA,
microarray, RTqPCR, evaluation of caspases activity) for
each biological replicate, three technical replicates were per-
formed.

The data represents the mean +/- SD of 3 separate exper-
iments, each performed in triplicate.

In order to indicate and then assess the mfluence of sali-
nomyecin on the expression of mRNAs and miRNAs, 1 pM
of the drug was added to the cells, and then the cells were
cultured together with the drug for 12, 24 and 48 hours. The
control culture was that cells were untreated by the drug. The
total ribonucleic acid extraction was carried out using the
TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA,
USA) mn accordance with the manufacturer’s protocol. The
evaluation of the expression pattern of mRNAs associated
with the drug resistance was completed using oligonucleo-
tide microarrays HG-UL33A 2 0 (Affymetrix, Santa Clara,
CA) just as the manufacturer recommended. The assessment
of the expression profile of miRNAs that participated in the
regulation of drug resistance genes was carried out using
GeneChip® miRNA 2.0 Arrays (Affymetrix, Santa Clara,
CA). The detailed protocol that was used by us for molecular
analysis is described previously [14].

The third step of molecular analysis included the
RTqPCR reaction, and it was performed to validate the
changes observed in the transcriptional activity of mRNAs:
CASP3, CASPS, CASPY, and the miRNAs: hsa-miR-30d,
hsa-miR-21, h-miR-1271.

CASP3, CASPS, and CASP9 were chosen for further mo-
lecular analysis because they differentiate endometrial can-
cer cells exposed to salinomycin compared to a control cell
culture regardless of the incubation time of the cells with the
drug.

In addition, in order to confirm the apoptosis via mito-
chondrial path or not, the changes in transcriptional activity
of Bel-2 genes family: Bel-21 and Bel-w (anti-apoptotic), Bax
and Bak (pro-apoptotic) were evaluated via microarray and
RTgPCR methods.

The reaction was conducted with the use of SensiFAST
TM SYBR No-ROX One-Step Kit, (Bioline, London, UK),
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where P-actin was used as the endogenous control, and the
expression was presented as a fold change of the gene ex-
pression and compared to the control (the 2 -**“ method).

The evaluation of caspases -3, -8 and -9 was carried out
using the caspase-8. -9 activity assays (Caspase-8/Caspase-9
Colorimetric Assay Kit (R&amp;D Systems, Minneapolis,
USA), the caspase-3 activity was determined in cell lysates
(EnzChek® Caspase-3 Assay Kit #1 (Molecular Probes.
Minneapolis. Willow Creek Rd. USA) in accordance with
the manufacturer’s protocol. The measurement of the ab-
sorbance at A = 405 nm (caspase-8 and 9) and A = 520 nm
(caspase-3) permitted the level of caspase activity in cell
Iysates to be determined.

Statistical analysis of the microarray data was carried out
with the use of the Transcriptome Analysis Console (Thermo
Fisher, USA) and STATISTICA 13 PL (Cracow, Poland)
software to analyze the results obtained using RTqPCR. The
one-way ANOVA and Tukey post-hoc tests were used in
order to determine the differentially expressed genes (|[FC=1,
p< 0.05). In order to show which of the miRNAs indicated in
microarray analysis were engaged in the regulation of the
expression of the selected mRNAs, the microRNA database
(http:/microma.org) was used as suggested in the protocol.
The miRanda-mirSVR algorithm was used to find a relation
to target mRNA for the relevant miRNA molecules (miRan-
da) and designate a potential interaction between mRNA:
miRNA (mirSVR). miRanda target sites and mirSVR scores
are available at http://www.microRNA org. Based on the
miRNA SVR score parameter, the relationship between the
respective miRNA and the mRNA was determined. The cut-
off of —0.1 or lower is used as the cut-off point for this pa-
rameter based on the data from the literature [15].

3. RESULTS

Based on the Affymetrix database, it was confirmed that
59 from the 22227 mRNAs present on the microarray plate
were comnected to caspase-dependent signaling pathways.
The one-way analysis using the ANOVA variance test with
Benjamini-Hochberg’s procedure was used for the compari-
son of all examined transcriptome groups with the control
and determining which of these noted variances in the ex-
pression of mRNA were statistically significant (p<0.05). It
was observed that out of 59 mRNAs, 14 mRNAs differenti-
ated the cell culture when exposed to salinomycin in compar-
ison to the control endometrial cancer culture (p<0.05). After
that, the post-hoc Tukey test was carried out. This step of the
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statistical analysis allowed the indication of the number of
mRNAs that specifically differentiated the culture with the
drug in comparison to the control (Table 1).

Based on the displayed results, it is worth noting that the
number of mRNAs differentiating the endometrial cancer
cells exposed to salinomycin, and compared with the control
cell culture for every incubation time of the cells with the
drugs are as follows: H-12 vs. C - 8 mRNAs, H 24 vs. C-10
mRNAs, H 48 vs. C - 3 mRNA.

It was observed that 5 of the 14 differentiating mRNAs
were common for all of the incubation time of the cells, and
they correspond with the following genes: CASP3, CASPS,
and CASP9 (Differentially Expressed Genes - DEG). For this
reason, further molecular analysis was focused on the three
caspases mentioned.

After 12 hours of exposition of the endometrial cancer
cells to the drug, only 2 mRNAs (CASPI, CASP2) were spe-
cifically differentially expressed genes (DEG). After 24
hours, only 1 of the mRNAs was characteristic for this incu-
bation time of the cells with salinomycin: CASP6 (DEG). No
mRNA characteristic for 48-hours of incubation of the cells
with the drug was noted (Table 2).

Differences in the transcriptional activity of CA4SP3,
CASPS8, and CASP9, depending on the exposition of cells to
salinomycin obtained through RTqPCR are shown m Figs.
(1-3). The expression pattern of these three genes designated
using the microarray technique was verified using the
RTgPCR technique.

The next stage was connected with the indication of mi-
cro RNA molecules (miRNAs) that could potentially regu-
late the expression of CASF3, CASPS, and CASP9. It should
be noted that the miRNA SVR score parameter relation be-
tween the respective miRNA and mRNA was conclusive.
The highest probability of influence was determined between
CASF3 and hsa- miR-30d (average FC -2.01, miRSVR score
-0.3918), CASPS and hsa-miR-21 (average FC +1.39,
miRSVR score -0.7787), and between CASP 9 and hsa-miR-
1271 (average FC +1.71, miRSVR score -0.5220). The vali-
dation of the microarray expression profile of three miRNAs
(hsa-miR-30d, hsa-miR-21, hsa-miR-1271) that most likely
regulate expression (miRanda: miRSVR algorithm) of
CASF3, CASPS and CASF 9 was determined through the
RTqPCR method (Table 3).

The last step of our analysis was associated with evaluat-
ing caspase-3, -8 and -9 activity in endometrial cancer cells

Table 1. List of the mRNAs differentiating the individual transcriptome groups indicated with the use of the post-hoc multi com-

parison Tukey test (p<0.05).
Transcriptome Group H-C H-12 H-24 H-48
H-C 14 8 10 3
H-12 9 14 10 9
H-24 7 7 14 10
H-48 13 8 7 14
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Table2. List of the mRNAs associated with the caspase-dependent signaling path, differentiating endometrial cancer cells treated
with salinomycin, compared to the control culture.
i Gene Symbol 12 Hours FC 24 Hours FC 48 Hours FC
(Up/Dovwn) (12 Hours vs. C) (Up/Dovn) (24 Hours vs. C) (Up/Dovwn) (48 Hours vs. C)
202763 at CASP3 up +2.11 up +2.08 up H.74
207686 _s_at CASPE down -1.41 down -1.55. up +1.08
213373 _s_at CASPE down -1.45 down -1.43 up +1.02
203984_s at CAZPO up +2.16 up +2.84 up +2.55
210775 x at CASPS up +1.89 up +2.41 up +2.44
206011 _at CASPI up +1.36 up +1.22 down -1.01
211366 x at CASP] up +1.32 up +1.25 down -1.06
211367_s_at CASPI up +1.38 up +1.21 up +1.02
211368_s_at CASPI up +1.32 up +1.33 up +1.08
208050 s at CASP2 up +1.22 up +1.02 down -1.09
209811 _at CASP2 up +1.18 up +1.03 down -1.07
34449 _at CASP2 up +1.19 up +1.05 down -1.01
211464 _x at CASPE down -1.26 down -1.09 up +1.12
205467 _at CASPIO up H.11 up +1.19 up +1.04

(+) overexpression of gene (increased level of mRMNAS), (-) suppressed gene expression (decreased level of mRNAs), ID - ID of the probe on a microarray; FC - fold change, C -

control culture; 12h. 24h. 48h of exposure to salinamycin.

23

2.2

2,1

2,0

Fold Change
°

24

48

tume [hours]

Fig. (1). Expression of CASP3, depending on the exposure time of the Ishikawa line cells to salinomycin (RT-qPCR). [The data represents
the mean +/- 3D of 3 separate experiments, each performed in triplicate. (4 higher resolution'colour version of this figure is available in the
electronic copy of the article).
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Fig. (2). Expression of CASPS&, depending on the exposure time of the Ishikawa line cells to salinomycin (RT-gPCR). [The data represents
the mean +/- SD of 3 separate experiments, each performed in triplicate. (4 higher resolution/colour version of this figure is available in the
electronic copy of the article).

Fig. (3). Expression of CASP9, depending on the exposure time of Ishikawa line cells to salmomycin (RT-gPCR). [The data represents the
mean +/- SD of 3 separate experiments, each performed in triplicate]. (4 higher resolution/colour version of this figure is available in the
electronic copy of the article).
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Table 3. The expression profile of hsa-miR-30d, hsa-miR-21, hsa-miR-1271 obtained by microarray and RT qPCR assays.

Compared Group miRNA
Microarray RTqPCR
H 12vs.C -1.04 -111
H 24vs.C hsa-miR-30d -2.01 -2.06
H 48vs.C -2.98 -2.96
H 12vs.C +138 +1.32
H 24vs.C hsa-miR-21 +127 +1.28
H 48vs.C +1.52 +1.44
H 12vs.C +496 +4.83
H 24vs.C hsa-miR-1271 -4.41 -4.69
H 48vs.C +4.58 +4.32

Table4. The activity of caspases 3, 8 and ¢ in endometrial cancer cells treated with 1 uM salinomycin for 12, 24 and 48 hours in

comparison to a control culture (p<0.05; Control — cells treated with PBS; 100%).

Time [Hours]

Caspase-3 [%]

Caspase-8 [%]

Caspase-9 [%]

12 136.52+£0.46™* 102.70+0.71 125.33+048*
24 146.89+1.52%* 101.89+0.13 14141+2.11%
48 156.53+0.42% 101.19+023 131.04+0.09*

* . p<0.05 when compared with a control.

exposed to salinomyecin for 12, 24 and 48 howrs. To deter-
mine the level of these caspases, commercially available
assays were used. This stage allowed us to examine the pro-
apoptotic properties of salinomycin. Statistically significant
differences were observed in the level of caspase-3 and -9
(p<0.05). However, changes in caspase-8 were not statisti-
cally significant (p>0.05). In Table 4 and Fig. (4), the results
of caspase activity obtained by using commercially available
assays were presented.

The last stage of our work was associated with confirm-
g or exclusion induce apoptosis via mitochondrial path by
salinomycin. Therefore, expression changes of Bcl-2 genes
family: Bel-21 and Bel-w (anti-apoptotic), Bax and Bak (pro-
apoptotic) were assessed (Table 5).

The obtamed results indicated that after adding salino-
mycin to endometrial cancer cell culture, pro-apoptotic
members of Bel-2 genes family were overexpressed, while
anti-apoptotic members were silenced. The statistical analy-
sis showed that changes in expression of selected BCL-2
genes family were significant in comparison with a control
(untreated with salinomyecin cell culture) (Table 5, p<0.05).
This part of the molecular analysis suggests that salinomycin
mduces the programmed cell death via mainly mitochondri-
al-related pathway.

4. DISCUSSION

Research carried out as part of this work aimed to define
the effect of salinomycin on the expression profile of caspa-
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ses and miRNA molecules that are potentially engaged in the
regulation of their expression in endometrial cancer. Cur-
rently, the largest number of studies on the effect of sali-
nomyein in the course of neoplastic illnesses concentrates
around ovarian and breast cancer carried out on an in vitro
and in vivo model [11, 12]. However, there is a lack of
studies about salinomycin in endometrial cancer, which is
the sixth most commonly diagnosed gynecological cancer
in women after the endometrium. It was confirmed that
salinomycin effectively decreases the number of cancerous
cells, including cancer stem cells, however, the induction
mechanism of programmed cell death by this drug remains
unclear [16].

Caspases are proteolytic enzymes with a significant role
in the course of apoptosis. This process could take place
through an extemal pathway induced by the interaction with
a ligand, such as the tumor necrosis factor ¢ with the death
receptor, which in the next stage undergoes trimerization,
and allows the activation of the death pathway. The activa-
tion of caspases -8/-10 begins the proteolysis of enzymes and
proteins of cell structure, which is cascading. Whereas in the
interior pathway (mitochondrial), a key role is played by
caspases - as well as the executive caspases -3, -6, -7. The
activation of procaspase 9 in the result of proteolysis leads to
the activation of procaspase -3 or -7 which in turn activates
the caspase cascades and proteolysis of cell proteins, in
which calpains and also caspase-activated DNase are en-
gaged [17].



Salinomycin Changes Expression of Caspases in Endometrial Cancer

170

Current Ph ical Biotech

logy, 2020, Vol. 21, No. 0 7

160

150

140

130

activity of caspase [%)]

120

110

i i A —  ——

90

time [hours]

F CASP3
F CASP8
& CASP9

48

Fig. (4). Evaluating caspase-3, 8 and 9 activity in endometrial cancer cells exposed to salinomycin for 12, 24 and 48 hours. [The data repre-
sents the mean +/- SD of 3 separate experiment, each performed in triplicate].

Table 3.

Expression profile of Bel-2f and Bci-w (anti-ap optotic), Bax and Bak (pro-apoptetic) genes in endometrial cancer cells

treated with pM salinomycin for 12, 24 and 48 hour periods in comparison te a control culture (p=<0.05).

Compared Group H 12w C H 24w C H_ 48 ws. C
mRNA Microarrays RTqPCR Microarrays RTqPCR Microarrays RTqPCR
Fold Change Fold Change Fold Change
Bel2l -8.09 -7.46 -11.07 -11.98 -10.69 -10.03
Bel-w -6.11 -3.14 -8.14 =735 -8.99 965
Bax +12.44 +11.74 +13.09 +12.89 +12.11 +9.97
Bak +14.36 +12.74 +15.02 +14.01 +13/84 +12.26

Microarray analysis of the profile indicated that CASP3,
CASPS and CASPY, which encode caspases -3,-8 and -9 re-
spectively, change their activity under the influence of 1 pM
of salinomycin added to the in vitre endometrial cancer cell
culture to the largest degree. The results were confirmed
using the RTqPCR technique. Ho et @f., in research regard-
ing the influence of berberine in the context of tongue can-
cer, also observed statistically significant changes in the ex-
pressions of the same caspases as we did in our research.
They determined that together with an increase in the exposi-
tion time of the tongue cancer cells to berberine, an increase
in the activity of caspases -3,-8 and -9 in comparison to the

70

control and shotter incubation time, which is partly conver-
gent with our observations [18]. As a result, it might seem
that salinomycin induces apoptosis through the interior
pathway (mitochondrial) [16]. Observations on the transcrip-
tome level were also confirmed on the protein level, where
only caspases -3 and -9 were noted to have a significant in-
crease in their activity, whereas the changes in the expres-
sion of caspase-8 were not statistically significant. What is
significant, from the point of assessing the effectiveness of
salinomycin therapy as a result of endometrial cancer, is that
in vitro analysis suggests that this ionophore antibictic per-
manently induces changes, including cell death, as even with
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the longest exposition time of the cells to salinomyein, the
overexpression of the caspases -3 and -9 continues in com-
parison to the control culture. Zhang et al. were assessing the
mfluence of salinomycin on the expression profile of caspa-
ses and other proteins of the apoptosis pathway in a prostate
cancer model. They determined that an increased level in
caspase-12 under the influence of salinomycin as well as a
decreased expression of caspase-3 when the cells were treat-
ed simultaneously with salinomycin and 4-phenylbutyrate.
Based on the obtained results, Zhang et al. confirmed that
salinomycin increases cell stress, which leads to changes in
the endoplasmic reticulum and apoptosis. Fu et al. also indi-
cate an increase in the concentration of caspase-3 in the case
of breast cancer as a result of treating the cancer cells with
salinomycin. They determined that the expression of caspa-
ses was over 4 times higher in comparison to cells unex-
posed to the drug [20], whereas our analysis indicated a 2-
fold change higher than the expression in the Ishikawa cell
culture with salinomyecin. The potential cause of these differ-
ences in the fold change of the expression of caspase-3 pre-
sented in the research by Fu et al. [20] and our research
could be, not only a different cell model, but also with a
longer incubation time with salinomycin, which lasted 6
days. The concentration of salinomycin - 1 pM - in the cited
work [20] and in our research was identical. Moreover, it can
be determined that salinomycin is characterized by the speed
of action, as changes in the expression of the assessed
mRNA could be observed already after 12 hours of incuba-
tion. It can also be seen that the transcriptome is a compound
characterized by dynamism and plasticity, and the chosen
experimental model- the Ishikawa cell line - is a useful ex-
perimental model.

The observations of Gao et al. are also interesting, as
they confirmed the induction of cell death of cardiomyocytes
by salinomycin on an animal model - that of chickens. They
also determined that the drug most strongly caused changes
i the expression of caspases -3 and -9 (increase in activity)
on the gene and protein levels in comparison to the expres-
sion of caspase-8 [21]. Therefore, it may be assumed that
salinomycin causes cell apoptosis through the interior path-
way (mitochondrial) not only regardless of the type of can-
cer, but also the type of cell and the chosen experimental
model. This is an important report, as it indicates that chang-
es in the expression of caspases -3 and -9 could be consid-
ered as new supplementary markers of the answer to salino-
mycin treatment. However, further analysis using caspase-3
or -9 inlnbitor is necessary to confirm this point of view.

The second part of our research included checking
whether salinomycin affects miRNA transcriptome of en-
dometrial cancer cells exposed to salinomycin as well as
what 1s the regulatory effect of the chosen miRNA of expres-
sion proliferation CASP3, CASPS, and CASP9. MiRNA af-
fects mRNA on the basis of nucleotide sequence comple-
mentarity, wherein the effect of their action could be both a
decrease as well as an increase in the transcriptional activity
of the target transcript [22]. Based on microarray analysis of
the miRNA profile, it can be determined that salinomycin
affects the epigenomes as well as that the determined chang-
es in the expression pattern of the chosen caspases could be a
result of not only the workings of the drug but also a result
of the regulatory role of the miRNAs.
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The fact that the selected miRNAs can have a real effect
on the expression of target mRNA in the experiment 1s also
evidenced by the fact that the mRNA:miRNA relationship
was determined based on the moRSVR Score parameter,

providing information about the complementarity between
the hybrid molecules [15].

The highest impact probability was determined between
CASP3 (up-regulated) and hsa- miR-30d (FC -2.01), CASP8
(down-regulated) and hsa-miR-21 (FC +1.39), and between
CASP9 (up-regulated) and hsa-miR-1271 (FC +1.71).

In relation to hsa-miR-30d, a decrease in its expression
was determined which was accompanied by an increase in
the activity of CASP3. The observed expression relationship
between the mRNA C4SP3 and the hsa-miR-30d mRNA and
the level of CASP3 protein suggests that salinomycin may
affect the level of methylation of CpG islands within the
CASF3 nucleotide sequence, which translates mnto reduced
mRNA expression. In contrast, accompanying a decrease in
CASF3 expression at the transcriptome level, an increase in
protein concentration may be the result of a decrease in the
activity of hsa-miR-30d, which 1s potentially involved in the
regulation of mRNA CASP3 expression [22].

It was confirmed that hsa-miR-30d is an important, use-
ful marker for assessing the advancement of neoplastic
changes in prostate cancer. An increase in the level of this
miRNA molecule was described in patients with worse
prognosis, which demanded a more aggressive treatment
[23]. Moreover, it was noted that the expression pattern of
hsa-mIR-30d indicates the effectiveness of salinomycin, the
sensitivity of cells to salinomycin as well as an increase in
CASP3, contributing to changed cancer cell apoptosis. Fur-
thermore, the role of hsa-miR-30d is broadly discussed in the
context of its effect on the proliferation of cells. The obser-
vation that the miRNA molecule alone affects the prolifera-
tion, differentiation and cell death seems reasonable [24,25].
Whereas, the observation made by Muhammad ef al. in the
context of large intestine cancer indicates that a decreased
expression of hsa-miR30d was a factor that promoted the
proliferation of cancer cells [26]. Therefore it suggests the
dualism of action that hsa-miR30d possesses in the process
of the neoplastic transformation. Ipso facto, when assessing
whether an increase or rather silencing in the activity of hsa-
miR30d is a useful factor, should include the biological con-
text, as well as the type of tumor, and also the location, such
as in relation to the representatives of the transforming
growth factor-beta (TGFP) superfamily [27]. Similar obser-
vations are presented by Kuo ef al., who assessed the effect
of salinomycin on the expression profile of miRNA in head
and neck squamous cell carcinoma stem cells [28].

In turn, for two of the following differentiating cultures
exposed to salinomycin compared to the control, an increase
in the expression of miRNA molecules - hsa-miR-21 and
hsa-miR-1271 was noted. The role of hsa-miR-21 is de-
scribed in the context of the death pathway receptor, activat-
ed by the FAS ligand, whereas hsa-miR-1271 is connected
with the gaining of resistance to treatment with cisplatin
[29]. However, only concerning hsa-miR-21 was the first
characterized function of mRNA confirmed, as a negative
regulator of gene expression, including in the case of CASPS.
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An increased expression of hsa-miRNA-21 (FC=2.3) was
observed by Torres et al. in endometrial cancer, comparing
biopsies to each other obtained from 20 female patients with
clippings obtained from 10 volunteers (control) [30]. Our
analysis indicates overexpression of this mRNA in compari-
son to the control on the level of FC=1.3, which would sug-
gest that the difference in the fold change on the expression
between observations of Torres et al. [30] and those obtained
in this work could be a result of the effect of salinomycin.
Also, Bin et al. describe the direct relationship between hsa-
miR-21 and CASPS and the effect of them on its expression
caused by this miRNA molecule. An overexpression of hsa-
miR-21 was connected with the increase in the survival and
proliferation of cancer cells with the simultaneous inhibition
of apoptosis [31]. As a result of this, although it seems that
salinomycin affects, above all, on the mitochondrial death
pathway, it can be assumed that, to a lesser extent, it affects
the regulation of the receptor pathway. Furthermore, Liu et
al., based on their research, postulate that the role of hsa-
miR-21 in two types of pathways leading to cell apoptosis as
a consequence [32]. This shows the complex picture of the
cancer process as well as the multidirectional effect of sali-
nomycin.

The last of the differentiating miRNA for which the larg-
est probability of effecting CASP9Y was observed is hsa-miR-
1271, indicated as a molecule, whose changes in expression
are a reflection of the cancer cell’s sensitivity to chemother-
apy, and also in proliferation, apoptosis and metastasis
[33,34]. Moreover, Yao et al noted an increase in the
proapoptotic activity of the Bax protein and caspase 9, with a
simultaneous decrease in the expression of anti-apoptotic
proteins, such as Bel-2 in miR-1271-mimic-treated colorectal
cancer cells [34]. Observations on the role of hsa-miR-1271
in comparison to the expression of caspase-9 are also con-
firmed in the research done by Xie et «l. [35]. It is worth
noting that the obtained results of hsa-miR-1271 expression
m the endometrial cell culture exposed to salinomycin
showed that after 12 and 48 hours, the level of hsa-miR-1271
is higher than in a control culture while after 24 hours incu-
bation the silencing of hsa-miR-1271 expression can be ob-
served. Silencing the expression of hsa-miR-1271 conse-
quently leads to a higher level of C.4SP9 after 24 hours incu-
bation cells with salinomycin, this may result from the acti-
vation of adaptive mechanisms by cells or/and the effect of
other signaling pathways on the expression of the analyzed
mRNA and miRNA.

In conclusion, the molecular analysis carried out as part
of this work indicates that salinomycin induces the apoptosis
of endometrial cancer cells.

It should be noted that in the process of programmed cell
death, in addition to the caspase pathway, other signaling
pathways are involved, including with p2l or p53 protein.
Therefore, it is reasonable to conduct further molecular anal-
yses regarding the effect of salinomycin on the process of
apoptosis in endometrial cancer.

CONCLUSION

Salinomycin induces the apoptosis of endometrial cancer
cells. The largest increase in activity was noted for caspases
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3 and 9, while the expression of caspase 8 was decreased.
Salinomycin causes a regulatory effect on the transcriptomes
of mRNA and miRNA i ir vitro endometrial cancer cells. It
was also confirmed that the influence of 3 mRNA molecules
on the expression profile of the mentioned caspases namely:
CASP3 (up-regulated) and hsa- miR-30d (FC -2.01); CASP8
(down-regulated) and hsa-miR-21 (FC+1.39); between
CASP9 (up-regulated) and hsa-miR-1271 (FC +1.71).

The carried out analysis indicated that salinomycin has a
regulatory effect on mRNA and miRNA transcriptomes in
in vitro endometrial cancer cells. Further studies are suggest-
ed, including those based on an in vive model.
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Background: SEMA3B is known as an inhibitor of angiogenesis and cell proliferation. During carcinogenesis, the loss of
SEMA3B function is observed, which results in the progression of neoplastic changes. The aim of this study
was to evaluate the expression profile of SEMA3B in endometrial cancer (G1-G3) in comparison to the control
group and to assess whether the observed changes in expression could become a molecular marker in endo-
metrial cancer.

Material/Methods: The study group consisted of 45 patients diagnosed with endometrial cancer (G1, 17; G2, 15; G3, 13). The con-
trol group included 15 patients. SEMA3B expression was assessed using the immunohistochemical method.
Statistical analysis was carried out using the Statistica 12 PL program (StatSoft, USA). It included the Kruskal-
Wallis test and post hoc Dunn’s test (p<0.05).
Results: Statistically significant differences in the level of SEMA3B expression were observed between all analyzed groups.
The expression pattern of SEMA3B was as follows: cancer cells G1>G2>G3; endothelial cells: G3>G1>G2; stro-
mal cells: G2>G1>G3.

Conclusions: Analysis of the SEMA 3B expression profile shows the complexity of neoplastic transformation, which confirms
the different expression of SEMA3B in endometrial cancer cells and endothelial cells. The present results and
data in the literature data suggest that SEMA3B expression indicates the progression of carcinogenesis in the
context of endometrial cancer.
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Background

Semaphorins (SEMA) belong to a group of membrane or secre-
tory proteins that influence proliferation, cancer cell migration,
angiogenesis, and occurrence of drug resistance [1]. Among
the semapharin family, 8 subgroups can be distinguished, and
the occurrence of 3-7 subgroups has been confirmed in verte-
brates. The SEMA demain, common to all semaphorins, is key
in signal transduction and is responsible for binding sema-
phorins to receptors [2,3]. Semaphorin 3B (SEMA3B) is a tu-
mor growth suppressor. The biological activity of SEMA3B re-
sults from its interaction with neuropilin receptors (NRP1 and
NRP2), which leads to reduced secretion of vascular endothelial
growth factor and inhibition of formation of new blood ves-
sel networks through which nutrients and oxygen are supplied
to the tumor mass [4,5]. The abnormal expression pattern of
SEMA3B has been reported in breast cancer [4], ovarian can-
cer[6], hepatocellular carcinoma [7], lung cancer [8], and endo-
metrial cancer [9]. Recent studies indicate that SEMA3B plays
an important role in osteoporosis, where its reduced level is
observed. It is therefore suggested that SEMA3B is a promis-
ing new therapeutic target for osteoporosis caused by estro-
gen deficiency [10]. In stomach cancer, the relationship be-
tween SEMA3B level and prognosis, as well as the severity of
clinical symptoms, has been reported [11].

Modern forms of diagnostics and therapy focus on molecu-
lar targets, enabling detection of abnormalities at an early
stage, when the chances of successful therapy are greatest.
It is also possible to quickly and early observe the loss of re-
sponse to treatment before phenotypic changes occur. Thus,
the chosen therapeutic strategy can be revised in a timely
mannet, which significantly increases the chances of inhibit-
ing pathological processes [12-14]. Despite intensified studies
of SEMA3B, based on the available literature, the relationship
between SEMA3B expression and overall survival rate in pa-
tients with endometrial cancer has not yet been determined.
Observations of Huang et al. on the expression of SEMA3B and
overall survival rate (OSR) in patients with pancreatic cancer
showed that the OSR was 19 months in patients with low lev-
els of SEMA3B, while in patients with high SEMA3B expression,
OSR was 41 months. The authors did not find a correlation be-
tween expression of SEMA3B and metastatic potential [15].
Tang et al. indicated that reduced SEMA3B expression in pa-
tients with esophageal cancer was associated with a higher
OSR (41 months) compared to patients with normal levels of
SEMA3B (19 months). Their results also suggest that as the
degree of tumor cell differentiation decreases, the reduction
in SEMA3B expression gradually increases [16].

The present study investigated the differences in SEMA3B ex-

pression depending on the degree of endometrial cancer differ-
entiation (G1-G3) in comparison to controls. We also assessed

This werk is licensed under Creative Common Attribution
NonCommercial-NoDerivatives 4.0 nternational {CC BY-NC-ND 4.0}

76

Driohek K. etal:
Expression of SEMA3EB in various grades of endometrial cancer
© Med Sci Monit, 2019; 25: 45694574

the role of SEMA3B in endometrial cancer and angiogenesis
as related to cancer processes.

Material and Methods

The study was approved by the Bioethics Committee of
the Medical University of Silesia in Katowice (KNW/0022/
KB/237/16).

The evaluation of SEMA3B expression at the protein level was
carried out in the study group, consisting of 45 patients diag-
nosed with endometrial cancer (G1, 17; G2, 15 G3, 13), and
in a control group of 15 patients without neoplastic changes
who were sampled during routine gynecological examinations.
Exclusion criteria for the study group were: non-endometrioid
endometrial cancer, diagnosed endometriosis or adenomyosis,
co-existing cervical cancer, BMI »40, and hormone replacement
therapy within 24 months prior fo surgery.

The analysis of SEMA3B level changes was performed based
on the immunohistochemical reaction with rabbit polyclonal
anti-SEMA3B antibody (Novus Biological). The Laboratory of
Pathomorphology of Beskid Center of Oncology in Bielsko-Biata
pravided paraffin blocks from which slides were prepared. They
were incubated in citrate buffer (pH 6, 30min at 95°C) in a wa-
fer bath fo retrieve antigen, then treated with 3% (v/v) H,0,
in water for 10 min to block endogenous peroxidase activity.
To block nen-specific binding (30 min at room temperature),
1% BSA solution in PBS was used. The next step was incuba-
tion with anti-SEMA3B antibody in a humidified chamber (20h
at 4°C). The avidin-biotin complex (ABC) method was used ac-
cording to the manufacturer’s instructions (Vectastain Elite ABC
Kit, Vector Labarataries). Diaminsbenzidine (DAB) was used to
visualize the bound antibodies. The slides were stained with
Gill's hematoxylin, dehydrated, and coverslipped. Negative
control was performed by replacing the primary antibody with
rabbit 1gG. An Eclipse E200 light microscope with DS-Fil dig-
ital camera (Nikon) was used to prepare photographic docu-
mentation (15 photos for each paraffin block, 200x magnifi-
cation). To assess the optical density of a reaction product in
fields where a positive reaction occurred, the NIS-AR (Nikon)
program was used.

Statistical analysis was performed using the Statistica 12 PL
program (StatSoft, USA). It was carried out at the statistical sig-
nificance level p<0.05. The first step was to check the normal-
ity of the distribution of the obtained data with the Shapiro-
Wilk test. On its basis, observing that the distribution of data
does not meet the normal distribution assumptions (p>0.05),
further statistical analysis was carried out using nonparametric
methods. The results of changes in SEMA3B level in analyzed
groups are presented as median (Me), lower quartile (Q1), and

[Chemical Abstracts/CAS]

Indexed in:  [Current Contents/Clinical Medicine] [SC| Expanded] [ISI Alerting System]
[151 lournals Master List] [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]



Driskiel 1€ et al;
Expression of SEMAIE in various grades of endarnetrial cancer
& ted Sci Manit, 2019, 25 4568-4571

CLINICAL RESEARCH

G1 _ e

N

'4
G3 e

G2 =

\
c N

Figure 1. Immunchistochemical localization of SEMA3B in different grades of endometrial cancer. C - control; G — grade of endemetrial

cancer. 200 magnification.

upper quartile {Q3). The Kruskal-Wallis test (nonparametric al-
ternative to the analysis of variance) was performed to indi-
cate statistically significant differences in SEMAB expression
between data in independent groups (C, G1-G3). To determine
grouns in which differences in expression were statistically sig-
nificant, a post hoc Dunn’s test was performed.

Results

SEMA3R expression was observed in the membrane of uterine
gland cells in samplas from patients in the control group, but
such expression was not observed in the endometrial cancer
samples. On the other hand, within the tumor cells, SEMA3BR
expression was observed regardless of the degree of endo-
metrial cancer differentiation {G1>G2>G3). We demonstrated
that the optical density of the immunohistochemical reaction
product of this protein in G1 cancer cells was similar to that
in the membrane of uterine gland cells of the control group.
Analyzing the level of SEMA3B in G2 endometrial cancer cells,
we found that it was slightly lower than in grade 1 (about 85%
ofits level). In addition, we showed that the optical density of
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the reaction product of SEMA3B was the lowest in G3 sam-
ples, reaching 70% of that in the control group.

There were also changes in SEMA3R concentration in the vas-
cular endothelium and stromal cells, both in control and G1-
G3 endometrial cancer samples. In the case of the vascular
endothelium, the dependence of SEMA3R expression was
G23>G1>G2>C and for the stromal cells the differences in pro-
tein level were G2>G1>G3>C In grade 1, we observed that the
optical density of the SEMA3B reaction product in endothelial
cells was about 20% higher than in the cortrol group. In grade 2,
the expression of SEMA3IB was similar to that observed in G1,
whereas in G3 samples, the optical density was higher than
in the other groups. The optical density of the SEMA3B reac-
tion product in G1 stromal cells was 40% higher than in the
control group and about 50% higher in G2 than in the control
group. In contrast, in G3, the level of SEMA3B expression in
stromal cells was at the level observed in G1 (Figure 1, Table 1).
The arrows in Figure 1 show the places where the expression
of SEMA3B was observed.
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Table 1. The optical density of the reaction product of SEMA3B in control and different grades of endometrial cancer.

Localization (o Gl G2 G3
Me 162.2¢6
'gl'[;en:jnce;?lts)rane of uterine a1 151.77
Q3 172.22
Me 159.09 140.525¢ 105.44%21
Cancer cells Q1 149.32 132.74 100.21
Q3 170.37 149.67 111.78
Me 117.89 141.792 140.54> 154.77¢5f
Vascular endothelium Q1 108.52 132.18 133.09 147.72
Q3 126.07 150.66 148.42 164.74
Me 131.33 179.38* 198.82%¢ 177.67%F
Stromal cells Q1 122.32 166.97 189.73 163.39
Q3 145.29 189.49 215.13 186.69

Symbols indicate statistically significant changes at p<0.05 between: a - control and G1 endometrial cancer; b — control and G2
endometrial cancer; ¢ — control and G3 endometrial cancer; d — G1 and G2 endometrial cancer; e — G1 and G3 endometrial cancer;

f- G2 and G3 endometrial cancer.

The exact values of SEMA3B expression (Me, Q1, Q3) are pre-
sented in Table 1 according to the structure in which its ex-
pression was observed, along with an indication of statisti-
cal significance of differences between the compared groups.

Discussion

The present study focused on the analysis of changes in the
expression pattern of SEMA3B in 45 samples of endometrial
cancer depending an the degree of its differentiation. The de-
tection was based on immunohistochemical staining. In or-
der to determine whether the observed changes in SEMA3B
expression are characteristic of endometrial cancer, the level
of this protein was also evaluated in the control group. This
study is also a valuable addition to our previous observations.
Analysis of the SEMA3B expression using microarrays showed
the following direction and fold change in the transcriptional
activity of this gene: G1 vs. C=+1.3; G2 vs. C=+1.50; G3 vs.
C=+1.25. Regardless of the cancer grade, SEMA3B was over-
expressed, but in the case of G3 endometrial cancer, the ex-
pression of the transcript begins to approach the level ob-
served in grade 1[17]

We found that SEMA3B was expressed in cancer cells, in stro-
mal cells, and within the vascular endothelium. However,
the expression profile of the analyzed protein in a given grade
differed depending on the localization: G1>G2>G3 in tumor
cells, G3»>G1>G2 in vascular endothelium, and G2>G1>G3 in
tumor stromal cells. In the stromal cells, the same direction of
SEMA3B expression was observed as in the microarray analysis.
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Evaluation of the mRNA expression indicated that the lowest
level of SEMA3B was in G3 endometrial cancer, as was also
found for cancer cells and stromal cells. Combining analyses
at the transcriptome and proteome levels allowed us to ob-
tain an overall expression profile of the analyzed gene/protein.

Using SEMA3B in vitro, the proliferative capacity was reduced,
while the process of programmed death of breast, lung, and
ovarian cancer cells was induced [4,6,18]. Ferrira et al. analyzed
changes in SEMA3B expression in samples of endometrial can-
cer in the proliferative and secretory phase of the menstrual
cycle. They observed a relatively higher level of SEMA3B in
biopsies obtained from patients in the proliferative phase of
the cycle, although the differences were statistically insignif-
icant [19]. In the present study, the lowest SEMA3B expres-
sion was nofed in G3 endometrial cancer, which confirms its
role as a tumor growth suppressor [1,4,20]. In grade 3, can-
cer cells lacking the regulatory role of SEMA3B undergo the
most severe, uncontrolled proliferation. The observed level of
expression may also result from the significant de-differentia-
tion of endometrial cells in G3 [21], which may lead to the ac-
tivation or inhibition of signaling pathways that show the op-
posite activity under physiological conditions. This indicates
the complexity and pleiotropic nature of the processes asso-
ciated with neoplastic transformation [22-24]. In relation to
endometrial cancer, a close link is suggested between the ac-
fivity of SEMA3B and VEGF ., which significantly reduced the
pro-apoptotic and antimitotic effects of SEMA3B. SEMA3B
acts as an inhibitor of VEGF ., an autocrine survival factor [4].
Nguyen et al. found a reduction in the level of SEMA3B and
SEMAZF in endometrial cancer depending on its severity.
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With the increase in the aggressiveness of changes, the ac-
tivity of these 2 semaphorins decreased [25] These observa-
tions are consistent with ours. Osada et al. also demonstrated
the association of the neoplastic process with SEMA3B expres-
sion. They observed a significantly lower expression of SEMA
in stage IV carcinomas and concluded that the reduction of
SEMA3B is an unfavarable prognostic marker [26]. This agrees
with the study by Joseph et al., who indicated that the decrease
in SEMA expression could be used as a molecular marker for
the progression of neoplastic lesions. They also emphasize that
gonadotropins and estrogens are involved in the control of an-
giogenesis and the metastatic potential of ovarian cancer with
SEMA [27]. This is also impaortant for our research because en-
dometrial cancer is estrogen-dependent [28,29]

In the present study, the opposite situation was observed for
SEMA3B concentration in the vascular endothelium than in
tumor and stromal cells. The highest expression of SEMA3B
was reported in G3 endometrial cancer. SEMA3B also plays
avery important role in inhibiting angiogenesis [30]. Therefore,
the changes in the level of SEMA3B in the vascular endothe-
lium of tumor biopsies found in this work indicate that with
the increase of endometrial cancer grade and cell de-differ-
entiation, the processes of neovascularization are intensi-
fied [31-35]. Moreover, considering the pro-apoptotic role of
the analyzed protein in the confext of tumor angiogenesis, it is
possible that there is a reduction in the percentage of normal
vascular endothelial cells in endometrial cancer, with the si-
multaneous promotion of cell proliferation with accumulated
mutations [4,5].
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It should not be forgotten that SEMA3B affects the expres-
sion of interleukin 8 {(IL-8), which helps in the influx of mac-
rophages to the tumor microenvironment, promoting the
metastatic activity of cancer. Elevated levels of IL-8 addition-
ally suppress the anti-angiogenic properties of SEMA3B [36].
As a consequence, there is an uncontrollable, self-perpetuat-
ing process allowing further tumor growth and promoting its
aggressiveness [37]. Therapy aimed at restoring the normal
expression pattern of semaphotins, including SEMA3B, war-
rants further research [38].

Conclusions

The results of the present study, in compatrison with the ob-
servations of other researchers, indicate that in, endometrial
cancer, SEMA3B activity is deregulated compared to the phys-
iological state. We found that with the increase of the endo-
mefrial cancer grade, the SEMA3B level within the tumor and
stromal cells was reduced, whereas in the vascular endothelium
it was elevated. This indicates a close link between metasta-
sis and angiogenesis and emphasizes the complexity of pro-
casses and interactions occurring in carcinogenesis. Mareover,
the SEMA3B expression assay is simple and imposes no addi-
tional burden on the patient. Qur results and data reported in
the literature suggest that SEMA3B expression indicates in-
creased carcinogenesis in endometrial cancer. A better under-
standing of the various signaling mechanisms associated with
the actions semaphorins is crucial for better understanding of
carcinogenesis and endometrial cancer.

Conflict of interest

None.

b

Attar R, Gasparri ML, Halim TA et al.: Legacy of vitamin D: Role of vitamin
D in prevention of gynecological cancers. In: Farooqi A, Ismall M (eds.),
Molecular oncology: Underlying mechanisms and translational advance-
ments. Springer, Cham, 2017

10. Sang G, Zhang, Chen F et al: Tumor necrosis factor alpha suppresses osteo-
genic differentiation of MSCs by inhibiting semaphorin 3B via Wnt/B-catenin
signaling in estrogen-deficiency induced osteoporosis. Bone, 2016; 84:
78-87

. Chen R, Zhuge X, Huang Z et al: Analysis of SEMA3B methylation and ex-
pression patterns in gastric cancer tissue and cell lines. Oncol Rep, 2014;
31:1211-18

Agrawal SN: The basic molecular biology of angiogenesis and fts implica-
tion in anticancer therapeutics. Arch Int Surg, 2015; 5: 121-30

1

—

{L

™~

1

A

Blankin VA, Piantadosi S, Hollingsworth S): Patient-centric trials for thera-

peutic development in precision oncology. Nature, 2015; 526: 361-70

14. Weisto-Dziadecka D, Gola J, Grabarek B et al: Effect of adalimumab on the
expression of genes encoding TNF-¢ signal paths in skin flhroblasts in vi-
tro. Postepy Dermatol Alergol, 2018; 35: 413-22

15. Huang HY, Cheng YY, Liao WC et al: SOX4 transcriptionally regulates mul-

tiple SEMA3/plexin family members and promotes tumor growth in pan-

creatic cancer. PLoS One, 2002; 7(12): e48637

Indexed in:  [Current Contents/Clinical Medicine] [SC| Expanded] [ISI Alerting System]
[151 lournals Master List] [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]

[Chemical Abstracts/CAS]



CLINICAL RESEARCH

20.

21.

=

22

23.

W

24.

25.

tn

26.

. Tang H, Wu Y, Liu M et al: SEMA3B improves the survival of patients with

esophageal squamous cell carcinoma by upregulating p53 and p21. Oncol
Rep, 2016; 36(2): 900-8

. Optawski M, Michalski M, Witek A et al: Identification of a gene expres-

sion profile associated with the regulation of angiogenesis in endometrial
cancer. Mol Med Rep, 2017; 16: 2547-55

. Shahi P, Wang CY, Chou J et al: GATA3 targets semaphorin 3B in mamma-

1y epithelial cells to suppress breast cancer progression and metastasis.
Oncogene, 2017; 36: 5567-75

. Ferreira GD, Capp E, Jauckus J et al: Expression of semaphorin class 3 is

higher inthe proliferative phase on the human endometrium. Arch Gynecol
Obstet, 2018; 297: 1175-79

Bielenberg DR, Pettaway CA, Takashima S et al.: Neuropilins in neoplasms:
Expression, regulation, and function. Exp Cell Res, 2006; 312: 584-93

Pecorelli S: Revised FIGO staging for carcinoma of the vulva, cervix, and
endometrium. Int } Gynaecol Ohstet, 2009; 105: 1034

Bednarczyk M, Zmarzty N, Grabarek B et al: Genes involved in the regula-
tion of different types of autophagy and their participation in cancer patho-
genesis. Oncotarget, 2018; 9: 34413-28

Lorente J, Velandia C, Leal JA et al: The interplay between autophagy and
tumorigenesis: Exploiting autophagy as a means of anticancer therapy. Biol
Rev Camb Philos Soc¢, 2018; 93: 152-65

Mohlin S, Wigerup C, Jogi A et al.: Hypoxia, pseudohypoxia and cellular dif-
ferentiation. Exp Cell Res, 2017; 356: 192-96

Nguyen H, lvanova VS, Kavandi L et al: Progesterone and 1,25-dihydroxyvi-
tamin D3 Inhibit endometrial cancer cell growth by upregulating semapho-
rin 3B and semaphorin 3F. Mol Cancer Res, 2011; 9: 1479-92

Osada R, Horluchi A, Kikuchi N et al.: Expression of semaphorins, vascular
endothelial growth factor, and thelr common receptor neuropiling and al-
lelic loss of semaphorin locus in epithelial ovarian neoplasms: Increased
ratio of vascular endothelial growth factor to semaphorin Is a poor prog-
nostic factor in ovarian carcinomas. Hum Pathol, 2006; 37: 1414-25

This werk is licensed under Creative Commen Attribution-
NonCommercial-NoDerivatives 4.0 nternational {CC BY-NC-ND 4.0}

80

27.

2

=]

29.

=]

30.

3

32.

33

34.

35.

3

3

38.

o«

=

Driohek K. etal:
Expression of SEMA3EB in various grades of endometrial cancer
© Med Sci Monit, 2019; 25: 45694574

Joseph D, Ho SM, Syed ¥: Hormonal regulation and distinct functions of
semaphorin-3B and semaphorin-3F in ovarian cancer. Mol Cancer Ther,
2010; 9: 499-509

. Vahrenkamp JM, Yang CH, Rodriguez AC et al.: Clinical and genomic cross-

talk between glucocorticoid receptor and estrogen receptor o in endome-
trial cancer. Cell Rep, 2018; 22: 2995-3005

Swastl. Estrogen and progesterone receptors in endometrial cancer: Where
are we today? Gynecol Obstet, 2018; 8: e127
Varshavsky A, Kessler O, Abramovitch S et al: Semaphorin-3B is an angio-

genesis inhihitor that is Inactivated by furin-like pro-protein convertases.
Cancer Res, 2008; 68: 6922-31

. Fujimoto J, Hoti M, Ichigo 5, Tamaya T: Expression of basic fibroblast growth

factor and its mRNA in uterine endometrial cancers. Invasion Metastasis,
1995; 15(5-6): 203-10

Presta M: Sex hormones modulate the synthesis of basic fibroblast growth
factor in human endometrial adenocarcinoma cells: Implications for the
neovascularization of normal and neoplastic endometrium. J Cell Physiol,
1998; 137(3): 593-97

Chopra V, Ding TV, Hanningan EV: Serum levels of interleukins, growth fac-
tors and anglogenin in patients with endometrial cancer. ) Cancer Res Clin
0Oncol, 1997; 123(3): 167-72

Ribattl D, Finato N, Crivellato E et al: Neovascularization and mast cells with
tryptase activity increase simultaneously with pathologic progression in hu-
man endometrial cancer. Am ) Obstet Gynaecol, 2005; 193(6): 1961-65

Chiu HC, Li O, Yiang GT et al: Epithelial to mesenchymal transition and cell
biology of molecular regulation in endometrial carcinogenesis. J Clin Med
Res, 2019; 8(4): pii: E439

Rolny C, Capparuccia L, Casazza A et al: The tumor suppressor semapho-
vin 3B triggers a prometastatic program mediated by interleukin 8 and the
tumor microenvironment. J Exp Med., 2008; 205: 1155-71

Neufeld G, Mumblat Y, Smolkin T et al: The semaphorins and thelr receptors
as modulators of tumor progression. Drug Resist Updat, 2016; 29: 1-12

Mishra R, Kumar D, Tomar D et al.: The potential of class 3 semaphorins as
both targets and therapeutics in cancer. Expert Opin Ther Targets, 2015;
19: 427-42

Indexed in:
[151 lournals Master List] [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

[Current Contents/Clinical Medicine]  [SCl Expanded] [ISI Alerting System]



	WYKAZ SKRÓTÓW
	WYKAZ PUBLIKACJI, NA PODSTAWIE KTÓREJ OPARTA JEST ROZPRAWA DOKTORSKA
	WYKAZ TABEL
	1. Wstęp
	1.1. Rak błony trzonu macicy
	1.2. Salinomycyna
	1.3. Zjawisko utraty adekwatnej odpowiedzi na leczenie przeciwnowotworowe
	1.4. Kaspazy
	1.5. Regulatorowa rola mikro RNA
	1.6. Charakterystyka semaforyny 3B w kontekście procesu nowotworzenia

	2. Założenia i cel pracy
	3. Materiał i metody
	3.1. Hodowla komórkowa raka endometrium linii Ishikawa eksponowanej na salinomycnę
	3.2. Ekstrakcja całkowitego RNA wraz z oceną jakościową i ilościową ekstraktów
	3.3. Wyznaczenie mikromacierzowego profilu ekspresji mRNA i miRNA w komórkach raka endometrium traktowanych salinomycyną
	3.4. Łańcuchowa reakcja polimerazy w czasie rzeczywistym poprzedzona odwrotną transkrypcją
	3.5. Test immunoenzymatyczny ELISA
	3.6. Aktywność kaspazy-3, -8 i -9
	3.7. Materiał kliniczny – próbki endometrium zmienione nowotworowo i prawidłowe
	3.7.1. Grupa badana
	3.7.2. Grupa kontrolna

	3.8. Badanie immunohistochemiczne
	3.9. Analiza statystyczna

	4. Wyniki
	4.1. Analiza profilu ekspresji ocenianych mRNA w hodowli komórkowej raka endometrium linii Ishikawa eksponowanych na salinomycynę w porównaniu do hodowli kontrolnej.
	4.1.1. Aktywność transkrypcyjna genów związana ze zjawiskiem lekooporności  w komórkach raka endometrium pod wpływem salinomycyny w porównaniu  do komórek nietraktowanych lekiem
	4.1.2. Aktywność transkrypcyjna genów szlaku kaspaz w komórkach raka endometrium pod wpływem salinomycyny w porównaniu do komórek nietraktowanych lekiem
	4.1.3. Zmiany profilu ekspresji wybranych genów pro- i antyapoptotycznych  w hodowli komórek raka endometrium eksponowanej na salinomycynę w porównaniu do hodowli kontrolnej

	4.2. Mikromacierzowy profil miRNA różnicujących hodowlę raka endometrium linii Ishikawa eksponowaną na salinomycynę w porównaniu do hodowli kontrolnej
	4.2.1. Profil ekspresji miRNA potencjalnie regulujących ekspresję wybranych mRNA związanych ze zjawiskiem lekooporności w komórkach raka endometrium eksponowanych na salinomycynę w porównaniu do hodowli kontrolnej
	4.2.2. Profil ekspresji miRNA potencjalnie regulujących ekspresję CASP3, CASP8, CASP9 w komórkach raka endometrium eksponowanych na salinomycynę w porównaniu do hodowli kontrolnej

	4.3. Ocena aktywności kaspazy-3, -8 i -9 w komórkach raka endometrium traktowanych salinomycyną w porównaniu do hodowli kontrolnej
	4.4. Profil stężeń białek TUFT1, MTMR11, SLC30A5 w hodowli raka endometrium eksponowanej na salinomycynę w porównaniu do hodowli kontrolnej wyznaczony metodą ELISA
	4.5. Zmiany profilu ekspresji SEMA3B w próbkach raka endometrium  i kontrolnych.

	5. Dyskusja
	6. Wnioski
	7. Piśmiennictwo
	8. Streszczenie
	9. Abstract
	10. Oświadczenia współautorów publikacji na podstawie której oparta jest rozprawa doktorska
	11. Załączniki

