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1. Nota informacyjna wraz z wykazem publikacji sktadajgcych sie na rozprawe

doktorskag

Na rozprawe doktorskg sktadajg sie trzy artykuty naukowe, opublikowane w

czasopismach latach 2021/2022. Sumaryczna wartos¢ wspétczynnika Impact Factor

artykutéw sktadajgcych sie na cykl publikacji wynosi 16.126, a taczna wartos¢ punktéow

ministerialnych, opierajgc sie o wykaz z dnia 21 grudnia 2021r. wynosi 300. Ponizej zostaty

wskazane artykuty wchodzgce w sktad cyklu publikacji:

1)

2)

3)

Praca naukowa o wartosci IF=8.448 i MNSiW=100

Parol M, Gzil A, Bodnar M, Grzanka D. Systematic review and meta-analysis of the
prognostic significance of microRNAs related to metastatic and EMT process among
prostate cancer patients. Journal of Translational Medicine. 2021;19:1-24.

doi:10.1186/s12967-020-02644-x

Praca naukowa o wartosci IF=3.926 i MNSiW=100

Parol-Kulczyk M, Gzil A, Ligmanowska J, & Grzanka, D. Prognostic significance of
SDF-1 chemokine and its receptors CXCR4 and CXCR7 involved in EMT of prostate
cancer. Cytokine. 2022;150:1-11. doi:10.1016/j.cyt0.2021.155778

Praca naukowa o wartosci IF=3.752 i MNSiW=100

Parol-Kulczyk M, Gzil A, Maciejewska J, Bodnar M, Grzanka D. Clinicopathological
significance of the EMT-related proteins and their interrelationships in prostate
cancer. An immunohistochemical study. PLoS ONE. 2021;16(6):e0253112.
doi:10.1371/journal.pone.0253112



2. Wykaz stosowanych skrétow

BMSC — (ang. Bone Marrow Stromal Cells) — komorki podscieliska szpiku kostnego
c-Myc - (ang. Myelocytomatosis) - protoonkogen, czynnik transkrypcyjny

CXCR4 - (ang. C-X-C chemokine receptor type 4) - receptor chemokinowy typu 4 zawierajgcy
motyw C-X-C

CXCR7 - (ang. C-X-C chemokine receptor type 7) - receptor chemokinowy typu 7 zawierajgcy
motyw C-X-C

ECM — (ang. Extracellular Matrix) - macierz zewngtrzkomérkowa
EMT — (ang. Epithelial-Mesenchymal Transition) - przejscie epitelialno-mezenchymalne

E/M - (ang. Hybrid Epithelial/Mesenchymal Phenotype) — posredni fenotyp epitelialno-
mezenchymalny

FOXM1 — (ang. Forkhead Box M1) — czynnik transkrypcyjny
GPCR - (ang. G Protein-Coupled Receptor) - biatko G
GSK-3B — (ang. Glycogen Synthase Kinase-3 Beta) —kinaza 3B syntazy glikogenu

LEF-1 — (ang. Lymphoid Enhancer Binding Factor 1) — limfatyczny wzmaczniacz wigzacy
czynnik 1, czynnik transkrypcyjny

MET — (ang. Mesenchymal-Epithelial Transition) - przejscie mezenchymalno-epitelialne

MIF —(ang. Macrophage Migration Inflammatory Factor) — czynnik hamujgcy migracje
makrofagéw

miRISC — (ang. miRNA containing RNA-Induced Silencing Complex) - miRNA wbudowane w
kompleksy wyciszajace translacje

miRNA, miR — (ang. microRNA) - mikroRNA

NF-kB — (ang. Nuclear Factor Kappa-Llight-Chain-Enhancer Of Activated B Cells) — jadrowy
czynnik kB, czynnik transkrypcyjny

NR3C2 — (ang. Nuclear Receptor Subfamily 3 Group C Member 2) — cztonek 2 grupy C
podrodziny receptoréw jgdrowych

PSA — (ang. Prostate Specific Antigen) - swoisty antygen sterczowy
RMS - (ang. Rhabdomyosarcoma) - miesak miesni poprzecznie prazkowanych

SDF-1 — (ang. Stromal Cell Derived Factor-1) - czynnik pochodzenia zrebowego 1



SNAIL - (ang. Snail Family Transcriptional Repressor 1 SNAI1, SNAIL1)- represor
transkrypcyjny 1 nalezgcy do rodziny Snail

SLUG - (ang. Snail Family Transcriptional Repressor 2, SNAI2, SNAIL2)- represor
transkrypcyjny 2 nalezacy do rodziny Snail

SOX4 — (ang. SRY-Box Transcription Factor 4) - czynnik transkrypcyjny z domeng HMG
zwigzany z biatkami Sry

TGF-B — (ang. Transforming Growth Factor Beta) — transformujgcy czynnik wzrostu beta
TME — (ang. Tumor Microenvironment) - mikrosrodowisko guza

TWIST — (ang. Twist Family bHLH Transcription Factor 1) — czynnik transkrypcyjny z rodziny
biatek helisa-petla-helisa

Wnt — (ang. Wingless-Type Like Signaling) szlak sygnatowy odgrywa istotng role w regulacji
takich proceséw jak embriogeneza, réznicowanie, przezywalnos¢ i proliferacja komérek

ZEB1 — (ang. Zinc Finger E-box Binding Homeobox 1) — czynnik transkrypcyjny ZEB1 o
domenie palca cynkowego, czynnik transkrypcyjny bedacy represorem transkrypcyjnym E-
kadheryny

ZEB2 - (ang. Zinc Finger E-box Binding Homeobox 2) — czynnik transkrypcyjny ZEB2 o
domenie palca cynkowego, czynnik transkrypcyjny bedacy represorem transkrypcyjnym E-
kadheryny

3’UTR - (ang. 3’ Untranslated Regions) — region 3’ niepodlegajacy translacji



3. Wprowadzenie

3.1 Znaczenie przejscia epitelialno-mezenchymalnego w raku prostaty

Rak prostaty stanowi drugi pod wzgledem czestosci wystepowania nowotwor
ztosliwy i jest pigta najczestszg przyczyng zgondéw z powodu raka w populacji
mezczyzn na catym sSwiecie [1]. Ze wzgledu na wyjatkowg heterogennosé,
nowotwdr ten charakteryzuje rézny przebieg kliniczny. Moze przybiera¢ forme
powolnie rozwijajgcej sie choroby lub w zwigzku z progresja do stadium
przerzutowego, zakonczy¢ sie Smiercig pacjenta. Z najnowszych statystyk wynika,
ze wsréd mezczyzn, ktorzy ukonczyli co najmniej 50-ty rok zycia, nowotwodr
gruczotu krokowego jest diagnozowany w stadium miejscowym w okoto 86.8%, a
w stadium regionalnym w 1.5% przypadkéw [2]. Na tym etapie zaawansowania
choroby, rak prostaty jest w petni wyleczalny, a odsetek 5-letnich przezy¢ dla
obydwu stadidw zaawansowania osigga prawie 100% [3]. Trudnosci zwigzane z
leczeniem pacjentdw chorych na raka prostaty zaczynajg sie w stadium
systemowym. U tych pacjentdw odsetek 5-letnich przezy¢ wynosi jedynie 30% [2].
Stanowig oni 5.1% populacji mezczyzn ze zdiagnozowanym rakiem prostaty, a
program leczenia tych pacjentdw opiera sie gtéwnie na zastosowaniu ablacji
androgenowej, polegajacej na zmniejszeniu stymulujgcego dziatania androgenéw
na komorki raka prostaty [3]. Takie postepowanie lecznicze pozwala osiggnac
pozorng poprawe stanu pacjenta, obnizy¢ stezenie swoistego antygenu
sterczowego (ang. Prostate Specific Antigen, PSA) w surowicy krwi pacjentéw oraz
doprowadza do regresji guza pierwotnego i wtérnego u 80% pacjentéw. Faza
odpowiedzi na hormonoterapie niestety ustepuje po okoto 18-24 miesigcach
leczenia i przechodzi w faze hormonoopornosci, w ktérej rokowanie pacjentéw
jest znacznie gorsze, a w wiekszosci przypadkdw stosuje sie leczenie paliatywne.

Dogtebne poznanie biologii, lezagcej u podstaw tworzenia sie przerzutow
nowotworowych stanowi punkt zwrotny w diagnostyce choroby nowotworowej,
jej wczesnego wykrywania, prognozowaniu czasu przezycia i ustaleniu planu
leczenia onkologicznego pacjentdw chorych na raka prostaty. Kluczowa kwestig

jest zrozumienie mechanizmow migracji i inwazji komadrek rakowych prostaty oraz
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wptywu rozregulowanych czynnikow odpowiedzialnych za modulacje procesu
przejscia epitelialno-mezenchymalnego (ang. Epithelial-Mesenchymal Transition,
EMT) jako pierwszego etapu tworzenia sie przerzutéw. Mozliwosc szybkiej oceny
poziomoéw ekspresji czynnikdw biorgcych udziat w procesie EMT w warunkach
szpitalnych, mogtoby przyczyni¢ sie do ulepszenia diagnostyki pacjentéw chorych
na raka prostaty, a znajomos¢ wptywu deregulacji wspomnianych czynnikéw na
proces EMT moze stanowi¢ podstawe do opracowania skutecznych terapii
celowanych oraz wptyng¢ na efekty lecznicze zaawansowanego stadium tej

choroby.

3.2 Definicja procesu przejscia epitelialno-mezenchymalnego

Przejscie epitelialno-mezenchymalne jest procesem fizjologicznym, ktére ma
fundamentalne znaczenie dla embriogenezy, poczagwszy od etapu implantacji,
poprzez formowanie sie zarodka, gastrulacje i skoniczywszy na organogenezie, a
co wiecej zachodzi rowniez w procesie regeneracji tkanek [4—6]. Zjawisko EMT
odgrywa znaczacy role rowniez w procesach patologicznych, w szczegdlnosci
podczas progresji nowotworowej, podczas ktdrej obserwuje sie ekspresje gendw
kodujacych biatka charakterystyczng dla procesu EMT zwigzanego z rozwojem
embrionalnym [7,8]. Tworzenie sie przerzutow w chorobie nowotworowej polega
na oderwaniu sie od masy guza pojedynczych komérek, ktére utracity potaczenia
miedzykomorkowe oraz wtasciwosci adhezyjne [9,10]. Rozprzestrzenianie sie
komédrek rakowych w organizmie, jest zalezne m.in. od zmiany fenotypu
komdrkowego w przebiegu tranzycji epitelialno-mezenchymalnej. Patologiczna
aktywacja procesu EMT powoduje zatem, ze komorki nabtonkowe zyskujg
fenotyp mezenchymalny, charakteryzujgcy sie podwyzszonym potencjatem
migracyjnym i inwazyjnoscig, co pozwala komérkom rakowym na przedostanie sie
do naczyn krwionos$nych. Migrujgce naczyniami krwionosnymi komorki
nowotworowe muszg naby¢ zdolnosci do przezycia w warunkach braku adhezji,
poprzez wyksztatcenie mechanizmu zapobiegajgcemu anoikis [11]. Warto rdwniez
wspomnie¢, iz w miejscu pierwotnej zmiany ztosliwej komorki mezenchymalne
charakteryzujg sie wyzszym poziomem zdolnosci przenikania do naczyi

krwionos$nych wtosowatych, co dodatkowo sprzyja ich rozprzestrzenianiu sie. W
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miejscu odlegtym natomiast, krazagce komérki nowotworowe opuszczajg naczynia
krwionosnie i osiedlajg sie w nowej lokalizacji, tworzgc guzy wtérne (inaczej:
ogniska przerzutowe). Zachodzi proces odwrotny do EMT, a mianowicie przejscie
mezenchymalno-epitelialne (ang. Mesenchymal-Epithelial Transition, MET), w
przebiegu ktdrego komorki rakowe odzyskujg fenotyp epitelialny, kontakt z
macierzg zewngatrzkomérkowg (ang. Extracellular Matrix, ECM) oraz adhezje

miedzykomodrkowa [12].

3.3 Zmiany towarzyszace przejsciu epitelialno-mezenchymalnemu

3.3.1 Zmiany komérkowe

Cecha charakterystyczng komérek przechodzgcych proces EMT jest wysoka
zdolno$¢ do poruszania sie i migracji poprzez ECM. Proces transdyferencjacji
potaczonych i ustabilizowanych komdrek nabtonkowych o fenotypie epitelialnym
do fenotypu mezenchymalnego, nadajgcego komdérkom unikatowe cechy
utatwiajgce ich rozprzestrzenianie sie w organizmie nastepuje poprzez serie
fizycznych zmian zachodzacych w komdrkach nabtonkowych, ktére czynig je
zdolnymi do inwazji tkanek, zarowno sgsiadujgcych, jak i odlegtych. Zmiany te
obejmujg przejsciowg utrate potaczen miedzykomodrkowych, prowadzacg do
zmiany biegunowosci wierzchotkowo-podstawnej komérek i reorganizacji
cytoszkieletu komdrkowego. Zmiana ekspresji markerédw epitelialnych (spadek
ekspresji  keratyny) i mezenchymalnych (wzrost ekspresji wimentyny),
towarzyszgca procesowi EMT, skutkuje rowniez zmiang ksztattu komodrek
nabfonkowych na ksztatt fibroblastoidalny, utatwiajgcy migracje komodrkowa.
Integralnos¢ z btong podstawng zostaje zniesiona w przypadku komodrek o
wysokim statusie migracyjnym, zdolnych do tworzenia wtdrnych ognisk
rakowych. Komérki nabftonkowe zaczynajg przejawia¢ ekspresje markerdw
mezenchymalnych, takich jak: N-kadheryna, wimentyna, fibronektyna oraz
aktywnos¢ metaloproteinaz macierzy zewnatrzkomodrkowej. Klasycznie EMT
charakteryzuje sie rowniez utratg markeréw nabtonkowych, takich jak E-
kadheryny oraz pB-kateniny, aktywujac tym samym specyficzny program

transkrypcyjny, prowadzacy do zwiekszenia poziomu inwazyjnosci komorek
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przechodzacych zmiany [13]. Istnieje silny zwigzek pomiedzy ekspresja E-
kadheryny i frakcja btonowa B-kateniny a progresjg raka prostaty do stadium
przerzutowego, co stanowi potencjalny marker prognostyczny postepu choroby

[14].

3.3.2 Zmiany genetyczne

Czynniki transkrypcyjne, takie jak SNAIL (ang. Snail Family
Transcriptional Repressor 1), SLUG (ang. Snail Family Transcriptional Repressor
2), ZEB1 (ang. Zinc Finger E-box Binding Homeobox 1), ZEB2 (ang. Zinc Finger
E-box Binding Homeobox 2), czy TWIST (ang. Twist Family bHLH Transcription
Factor 1) s gtdwnymi modulatorami szlakéw sygnatowych procesu EMT.
Regulatory transkrypcji hamujg ekspresje E-kadheryny, promujac
jednoczesnie ekspresje markeréw mezenchymalnych: N-Kadheryny i/lub R-
kadheryny oraz wimentyny, a takze ekspresje macierzy komérkowej oraz
ogniskowych biatek adhezyjnych [13]. Niektére z czynnikdw transkrypcyjnych
funkcjonujg jako markery niekorzystnego przebiegu choroby [15]. Z kolei,
czasteczki mikroRNA (ang. microRNA, miRNA) i niekodujgce czasteczki RNA
mogg regulowaé lub by¢ regulowane przez kluczowe geny procesu EMT i
wptywacé na przebieg rozprzestrzeniania sie komérek rakowych w organizmie.
Najbardziej znanymi czgsteczkami niekodujgcymi RNA, spetniajgcymi te
kryteria jest rodzina czgsteczek mikroRNA-200 oraz rodzina czgsteczek miR-
34. Przyktadem takiej zaleznosci jest petla mikroRNA-200c-3p/ZEB2 w raku
prostaty, ktéra moze mieé istotne znaczenie w projektowaniu strategii

leczenia inwazyjnego i przerzutowego raka prostaty w przysztosci [16].

3.4 Aspekt opornosci terapeutycznej zwigzanej z przejSciem epitelialno-

mezenchymalnym

Jednym z wazniejszych wyzwan w leczeniu pacjentéw onkologicznych
jest aspekt opornosci zmian ztosliwych na terapie lecznicze, prowadzacy do

tworzenia sie przerzutow nowotworowych. Oporno$é na terapie lecznicze

13



obejmuje wrodzong i nabytg opornos¢ na leki przeciwnowotworowe, ale
rowniez oporno$¢ na chemioterapie, radioterapie, terapie immunologiczne i
ukierunkowane [17-19]. Przejscie epitelialno-mezenchymalne jest gtdwnym

czynnikiem przyczyniajgcym sie do rozwiniecia opornosci terapeutyczne;j.

Zjawisko EMT jest zwigzane z rdéznymi etapami rozwoju choroby
prostaty, poczagwszy od inicjacji nowotworowej poprzez progresje nowotworu,
stemness, migracje komérek z pierwotnego ogniska rakowego, intrawazacji do
krwioobiegu, przerzutowania, ale takze posredniczy w opornosci na
konwencjonalne terapie i ukierunkowane inhibitory drobnoczasteczkowe [20—
22]. Dotychczas przeprowadzone badania z wykorzystaniem linii komédrek
nowotworowych potwierdzaja wplyw procesu EMT na opornosc
spowodowang radioterapig lub chemioterapig [23,24]. Warto réwniez
wspomnieé, iz w pierwotnych ogniskach rakowych (w guzach) tworzg sie
subpopulacje komérek o posrednim fenotypie epitelialno-mezenchymalnym
(ang. Hybrid Epithelial/Mesenchymal Phenotype, E/M), czyli niepetnym
fenotypie epitelialnym lub niepetnym fenotypie mezenchymalnym, co
skutkuje wystepowaniem jednocze$nie réznych subpopulacji komodrek
rakowych, zwiekszajgc poziom plastycznosci i agresywnos$ci w obrebie guza
[22]. Subpopulacje komdrek rakowych o posrednim fenotypie E/M, zwane
rowniez  quasi-mezenchymalnymi lub  hybrydowymi subpopulacjami
komodrkowymi wykazujg cechy morfologiczne, transkrypcyjne, epigenetyczne
mieszczgce sie w zakresie posrednich stanéw fenotypowych, dodatkowo
przejawiajac niepetng ekspresje markerdw epitelialnych i niepetng ekspresje

markeréw mezenchymalnych [13,25-27].

3.5 Model procesu przejscia epitelialno-mezenchymalnego w raku prostaty na
podstawie badan wtasnych

Klasyczny model progresji nowotworowej wskazuje, ze kluczowg role w

tym procesie odgrywajg czynniki transkrypcyjne, ktére posiadajg zdolnos¢ do

przeprogramowania komorek raka prostaty, nadajgc im mozliwos¢ tworzenia
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sie guzow wtdérnych nowotworu ztosliwego. Wedtug tego modelu zjawisko
EMT jest aktywowane jedynie w sporadycznych komérkach nowotworowych.
W miare postepu choroby nastepuje rdwniez zmiana profilu ekspresji biatek
ECM oraz biatek cytoszkieletu. W 2009 roku Sanchez-Garcia zaproponowat
alternatywny model progresji raka prostaty podajac, ze patologiczna
aktywacja biatek zwigzanych z EMT moze w sposdb ciggly napedzac
rozprzestrzenianie sie przerzutdw w organizmie z pierwotnego ogniska
nowotworu [28]. Dzi§ wiemy, Zze na proces przejscia epitelialno-
mezenchymalnego ma wptyw bezposrednio lub posrednio wiele czynnikéw
regulujgcych, ktére mozna sklasyfikowa¢ jako induktory, regulatory oraz
efektory procesu EMT, w konsekwencji prowadzgc do rozwoju choroby.
Wyniki przeprowadzonych badan wtasnych w zakresie wptywu
wybranych biomarkeréw tkankowych na proces przejScia epitelialno-
mezenchymalnego w raku prostaty s3 w pewnym stopniu zgodne z
proponowanym przez Sanchez-Garcia’e modelem zjawiska EMT. W
opublikowanych pracach naukowych wykazano, ze zmienione poziomy
ekspresji niektdrych mediatoréw tkankowych na poziomie miRNA i/lub
mRNA/biatek mogg wptywa¢ na wybrane komérki nowotworowe raka
prostaty, prowadzac do patologicznej aktywacji programu EMT. Wiadomo
rowniez, ze podczas progresji nowotworowej raka prostaty, poziomy ekspresji
tych specyficznych czynnikdéw tkankowych sukcesywnie zmieniajg sie, podczas
gdy model Sadnchez-Garcia’i tego nie uwzglednia. Pacjenci ze zdiagnozowanym
pierwotnym  rakiem  gruczotu  krokowego, u  ktérych  choroba
charakteryzowana jest przez plastycznos¢ komodrkowg, przejawiajg
zdecydowanie gorsze rokowanie. Zatem do tematu progresji nowotworowej
w raku prostaty i innych nowotworach nie mozna podchodzi¢ z jednoznaczng
tezg, mowigcg o tym, ze proces EMT w komoédrce rakowej wigze sie z
catkowitym przejsciem z fenotypu epitelialnego do czystego fenotypu
mezenchymalnego, nie wykazujgc standw posrednich, jak to sie ma w
przypadku rozwoju osobniczego. Ten meta-stan EMT, znany réwniez jako
czesciowy EMT, charakteryzuje sie wspdtistnieniem zaréwno komoérek

rakowych o fenotypie epitelialnym niecatkowicie sttumionym, jak i fenotypie

15



mezenchymalnym, nie w petni osiggnietym. Dieter i inni wspotautorzy, w 2011
roku wykazali, ze komorki nowotworowe z ksenograftu ludzkiego raka
okreznicy, wytgcznie w warunkach obecnosci komorek macierzystych i wtedy,
gdy wykazujg zdolnos¢ do samoodnowy, moga tworzyé przerzuty do watroby
[29]. Kolejnym przyktadem plastycznosci fenotypowej jest pgczkujacy fenotyp
(ang. budding-type) wczesnego stadium raka jelita grubego, ktéry koreluje
dodatnio z gorszym rokowaniem, w stosunku do raka nie wykazujgcego
fenotypu paczkujgcego (ang. non-budding type) ze wzgledu na fakt, iz komorki
rakowe prezentujg fenotyp EMT i posiadajg cechy komodrek macierzystych
[30]. Ponadto, wykazano, ze gorsze rokowanie wsréd pacjentow ze
zdiagnozowanym paczkujgcym rakiem jelita grubego jest wynikiem tworzenia
sie przerzutow do weztéw chtonnych, oraz odlegtych do watroby i ptuc [30].
Wyniki uzyskane w toku badan naukowych wtasnych sg réwniez zgodne z
zasadg plastycznosci fenotypowej komérek nowotworowych przechodzacych
proces EMT. Inicjujgce nowotwér komérki rakowe wczesnego stadium raka
prostaty moga tworzy¢ przerzuty do weztdw chtonnych lub przerzuty odlegte
do ptuc, czy uktadu kostnego, jednakze na kazdym etapie progresji
nowotworowej zadziata specyficzna grupa czynnikow tkankowych o
symptomatycznej ekspresji, na podstawie ktérej mozliwe bedzie okreslenie

rodzaju tworzacego sie przerzutu nowotworowego.
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Rycina 1. Modele przejscia epitelialno-mezenchymalnego w raku prostaty opracowane na
podstawie dotychczas przeprowadzonych badan naukowych. Schemat pokazuje wptyw
istotnych czynnikdéw zaangazowanych w przejscie epitelialno-mezenchymalne w raku
prostaty na proces przerzutowania. Zastosowane skroty: EMT=przejscie epitelialno-
mezenchymalne; MET=przejScie mezenchymalno-epitelialne; LM=przerzuty do weztéw
chtonnych; DM=przerzuty odlegte; BM=przerzuty do kosci; Schemat przygotowany w
BioRender.com
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3.6 Czynniki zwigzane z przejsciem epitelialno-mezenchymalnym i progresjg do
stadium letalnego w raku prostaty na podstawie badan wtasnych

W ciggu ostatniej dekady badania naukowe w dziedzinie progresji

choréb nowotworowych zostaty ukierunkowane na poszukiwanie tzw. biatek

targetowych, ktére posrednicza zaréwno w procesie transformacji

nowotworowej, jak i procesie przerzutowania u pacjentdow chorych na raka

prostaty i inne nowotwory ztosliwe. Istotnie, najwiekszy potencjat

diagnostyczny, prognostyczny i terapeutyczny bedg zatem stanowity czynniki

stymulujgce progresje choroby do stadium systemowego juz na wczesnym jej

etapie.

3.6.1 Czynniki osi zapalenie-rak-przejscie epitelialno-mezenchymalne
Przewlekty stan zapalny mozie aktywowaé proces kancerogenezy.
Komorki odpowiedzi zapalnej mogg wydziela¢ szereg czynnikéw, ktore
wspierajg zaréwno inicjacje, jak i progresje nowotworu, a takze mogg
indukowac¢ przejscie nabtonkowo-mezenchymalne. Rozwiniete nowotwory
pobudzajg odpowied? zapalng poprzez wydzielanie cytokin, chemokin i
czynnikdw wzrostu, ktdore rekrutujg populacje naciekajgcych komérek
odpornosciowych bezposrednio do mikrosrodowiska guza (ang. Tumor
Microenvironment, TME). Reakcja zapalna potencjalnie wywiera kontrole nad
guzem, ale zamiast tego moze zostaé przechwycona przez guz, aby

stymulowad jego wtasny rozwdj w kierunku postaci przerzutowej.

3.6.1.1 Czynnik hamujacy migracje makrofagow
Jedng z cytokin prozapalnych, uwazang za facznik pomiedzy
chronicznym stanem zapalnym a procesem nowotworowym jest
czynnik hamujgcy migracje makrofagéw (ang. Macrophage
Migration Inflammatory Factor, MIF). MIF prowadzi do aktywacji
procesu przerzutowego komoérek nowotworowych poprzez wptyw
na zmniejszenie ekspresji E-kadheryny i zwiekszenie poziomu N-

kadheryny [31]. Ponadto, badania wtasne wykazaty, ze istotng role
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W procesie progresji nowotworowej raka prostaty wykazuje frakcja
jadrowa biatka MIF. Dowiedziono, ze MIF jagdrowy ujemnie koreluje
z 0g0Ing ekspresja B-kateniny, zatem istnieje prawdopodobienstwo,
ze czynnik MIF wptywa na nieprawidtowg aktywacje szlaku
sygnatowego Wnt/B-katenina, pobudzajgc translokacje aktywnej
formy B-kateniny do jadra komodrkowego, aby zadziata¢ jako
aktywator transkrypcji [32]. Co wiecej, frakcja jadrowa biatka MIF
jest odpowiedzialna za udziat w procesie tworzenia sie przerzutow
do weztéw chtonnych w raku prostaty. Badania wtasne
potwierdzity istotnie wyzszg ekspresje jadrowej frakcji biatka MIF u
pacjentéw z przerzutami do weztéw chtonnych, w poréwnaniu do
pacjentéw z rakiem prostaty, nie wykazujgcych przerzutéw do
weztéw chtonnych (p<0.05). Te same badania dowiodty réwniez, ze
patologiczna aktywacja szlaku Wnt/B-katenina wptywa na
progresje raka prostaty do stadium systemowego, poprzez
tworzenie sie przerzutéw zarowno do weztéw chtonnych, jak i
przerzutéw odlegtych [33]. Wptyw czynnika MIF na przyspieszenie
wzrostu i przerzutéw guzéw w raku trzustki potwierdzit rowniez
Funamizu i jego wspdtautorzy. Przeprowadzajgc badania na
modelach myszy wykazujgcych nadekspresje MIF dowiedli,
znaczacy wzrost guza (p<0.001) u myszy z nadekspresjg MIF, w

poréwnaniu z kontrolnymi komérkami myszy [34].

3.6.1.2 Czynnik pochodzenia zrebowego-1 oraz jego receptory wigzace

Oddziatywanie czynnika pochodzenia zrebowego (ang. Stromal
Cell Derived Factor-1, SDF-1) z receptorami chemokinowymi typu 4
zawierajgcymi motyw C-X-C (ang. C-X-C Chemokine Receptor Type
4, CXCR4) lub receptorami chemokinowymi typu 7 zawierajgcymi
motyw C-X-C (ang. C-X-C Chemokine Receptor Type 7, CXCR7)
wptywa na regulacje wielu procesow fizjologicznych i
patologicznych, takich jak proliferacja i rdéznicowanie komoarek,

adhezja, migracja, «czy tez przerzutowanie komorek
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nowotworowych. Receptory wigzgce, CXCR4 i CXCR7, to receptory
metabotropowe obecne na powierzchni ludzkich komodrek
nowotworowych [35], ktére wspodtpracujg z biatkiem G (ang. G
Protein-Coupled Receptor, GPCR) i mogg by¢ aktywowane przez
wspolny ligand SDF-1. Czasteczki te odgrywajg kluczowa role w
TME poprzez promowanie progresji nowotworu, zarzadzajg
rowniez proliferacjg i migracjag komdrek nowotworowych oraz
rekrutacjg komédrek odpornosciowych i zrebowych w TME. SDF-1
eliminuje komérki T z TME poprzez gradient stezen, ktéry hamuje
dostep komérkom immunoaktywnym i promuje powstawanie
naczyn krwionosnych w obrebie guza [36]. Obecnos¢ receptoréw
wigzgcych CXCR4 oraz CXCR7 wykryto miedzy innymi na
komdrkach ludzkiego miesaka miesni poprzecznie prazkowanych
(ang. Rhabdomyosarcoma, RMS). W badaniu tym udowodniono, ze
receptory wigzgce uczestniczg w nadawaniu komdrkom RMS
potencjatu do przerzutowania poprzez wptyw CXCR7 na adhezje
komdrek nowotworowych oraz posrednictwo CXCR4 w
przekazywaniu sygnatéw zwigzanych z migracja [35,37].
Blokowanie $ciezek sygnatowych CXCR4 i CXCR7 moze zatem
zapobiegac progresji raka prostaty do stadium przerzutowego w
dualistyczny sposdb, poprzez zahamowanie wzrostu, migracji i
chemotaksji komérek nowotworowych i poprzez sprzyjanie
wystepowania komdrek T w TME. W badaniach witasnych na
tkankach ludzkiego raka prostaty dowiedziono, ze zaréwno czynnik
SDF-1, jak i jego receptory wigzgce CXCR4 oraz CXCR7 biorg udziat
w powstawaniu przerzutdw do weztéw chtonnych. W przypadku
frakcji podscieliskowej biatka SDF-1 odnotowano spadek ekspresji
owego biatka u pacjentdw z obecnymi przerzutami do weztdw
chtonnych, w poréwnaniu do pacjentéw bez przerzutéw. Podobne
zjawisko zauwazono w przypadku receptoréw wigzgcych: frakcji
jadrowo-cytoplazmatycznej biatka CXCR4 oraz frakcji

cytoplazmatycznej biatka CXCR7 — spadek ekspresji tych biatek byt
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widoczny w tkankach u pacjentéw z obecnymi przerzutami do
weztéw chtonnych [38]. Dotychczasowe badania wykazaty, ze
ludzkie komorki raka prostaty produkujgce CXCR7 majg zdolnos¢
do szybszej proliferacji, tworzenia przerzutéw oraz rozwiniecia
naczyn krwionosnych [35]. Nowoczesne podejScie do terapii
celowanej raka prostaty wskazuje ukierunkowanie podejscia
jednoczesnie na immunologiczne punkty kontrolne i o$ SDF-

1/CXCR4/CXC7.

3.6.2. MicroRNA modulujgce proces przejscia epitelialno-mezenchymalnego

Waznym mechanizmem regulujgcym ekspresje gendw zwigzanych z
progresjg nowotworowg raka prostaty sg czgsteczki miRNA. Stanowig one
grupe krétkich, jednoniciowych, niekodujgcych czgsteczek RNA. Dojrzate
czasteczki miRNA dtugosci okoto 19-23 nukleotyddw, syntetyzowane s3 z
dwuniciowych prekursoréw, przy udziale polimerazy Il i wbudowywane w
kompleksy wyciszajgce translacje (ang. miRNA Containing RNA-Induced
Silencing Complex, miRISC). Posiadajg zatem zdolnos¢ do potranskrypcyjnego
wyciszania genéw docelowych poprzez przytaczenie do regionow 3’UTR (ang.
3’ Untranslated Regions) mRNA genu docelowego, tym samym powodujac
degradacje mRNA lub zahamowanie procesu translacji. Czgsteczki miRNA
uczestnicza réwniez w kontrolowaniu istotnych proceséw komérkowych,
takich jak procesy rézinicowania, czy proliferacji komdrek oraz modulujg
epigenetyczne procesy regulatorowe. W zaleznosci od gendéw docelowych, na
ktore oddziatujg czasteczki miRNA, mogg one funkcjonowa¢ jako onkogeny
lub geny supresorowe.

Istotng role regulacyjng w procesie EMT przypisuje sie czasteczkom
mMiRNA-200 oraz miRNA-205, ktore posiadajg zdolnos¢ represji czynnikéw
transkrypcyjnych zwigzanych z aktywnoscig E-kadheryny, czyli ZEB1 i ZEB2
oraz hamujg aktywnos$¢ innych czynnikéw transkrypcyjnych zwigzanych z
procesem EMT, takich jak TWIST1. Z kolei czgsteczki miRNA-132 oraz miRNA-

212 hamujg aktywnosc¢ biatka TGF-B (ang. Transforming Growth Factor Beta),
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ktore poprzez blokowanie czynnika SOX4 moduluje przebieg procesu EMT, a
ponadto miRNA-132 wptywa na wyciszenie aktywnosci biatka ZEB2 [39].

MiRNA wykazujg wysoce specyficzng tkankowa ekspresje, dzieki czemu
na podstawie zmian w poziomie ich ekspresji mozna rdznicowaé tkanki
prawidtowe od zmienionych chorobowo, ale réwniez rozrdzniaé poszczegdlne
rodzaje nowotwordw. Okazuje sie, ze postugujac sie profilami czgsteczek
miRNA specyficznych dla nowotworu prostaty, na podstawie zmian poziomu
ekspresji tych czasteczek mozna przewidzie¢ poziom jego agresywnosci,
prognozowac progresje choroby oraz klasyfikowac stadium zaawansowania
nowotworu. Badania wfasne wyszczegdlnity 9 czasteczek miRNA scisle
zwigzanych z procesem przerzutowania u pacjentéw z rakiem prostaty.
Wykazano miedzy innymi, ze nadekspresja miR-210-3p oraz deregulacja miR-
141-3p jest zwigzana z obecnoscig przerzutdw u pacjentéw z rakiem prostaty,
w szczegblnosci przerzutdw odlegtych i przerzutdw do kosci [40]. Ponadto, na
podstawie przeprowadzonej meta-analizy wyodrebniono charakterystyczne
sygnatury miRNA dla poszczegdinych rodzajéw przerzutéw u pacjentow z
rakiem prostaty. Wyniki przeprowadzonych badan wtasnych zsyntetyzowano i
przedstawiono na rycinie 1.

Nieprawidtowy profil ekspresji czgsteczek miRNA moze stanowic
wiarygodny biomarker diagnostyczno-prognostyczny w przebiegu choroby
nowotworowe] prostaty, w tym postuzy¢ do oceny stopnia zaawansowania
choroby, szacowania czasu przezycia, prognozowania progresji choroby,
typowania rodzaju przerzutowania. Co wiecej, ocena zaawansowania choroby
na podstawie nieprawidtowego profilu czasteczek miRNA moze okazac sie
pomocnym narzedziem przy wyborze leczenia celowanego, czy

dostosowanego do indywidualnych potrzeb pacjenta.
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3.6.3 Powigzania pomiedzy poszczegélnymi czgsteczkami miRNA oraz
biatkami w procesie przejscia epitelialno-mezenchymalnego

Istotnie, niewyjasniong kwestia w niniejszej dysertacji pozostaje
okreslenie stopnia zaleznosci pomiedzy poszczegdlnymi czynnikami
zaangazowanymi w proces EMT, w wyodrebnionych, w toku badan witasnych,
profilach miRNA-biatkowych, charakteryzujgcych poszczegélne rodzaje
przerzutéw u pacjentdow z rakiem prostaty (rycina 1). Informacji na temat
takowych korelacji, w niepetnym zakresie, dostarczajg wyniki dotychczas
przeprowadzonych badan naukowych. Wenjing i jego wspoétautorzy wykazali,
ze czagsteczka mir-503 jest odpowiedzialna za ttumienie szlaku sygnatowego
Wnt/B-katenina poprzez doprowadzenie do wzrostu ekspresji GSK-3B (ang.
Glycogen Synthase Kinase-3 Beta) i p-B-kateniny, jednoczesnie zmniejszajgc
poziom obydwu czynnikéw w komodrkach raka zotgdka [41]. Z kolei, Pengbo i
wspotpracownicy wykazali, ze inhibicja mir-212 prowadzi do aktywacji
czynnika FOXM1 (ang. Forkhead Box M1), ale wptywa hamujgco na
kanoniczng sciezke Wnt/B-katenina poprzez ttumienie takich czynnikéw jak:
Wnt (ang. Wingless-Type Like Signaling), LEF-1 (ang. Lymphoid Enhancer
Binding Factor 1), c-Myc (ang. Myelocytomatosis) i jadrowej frakcji -kateniny
w raku watrobowokomdérkowym [42]. Natomiast Lun-Qing i pozostali
wspottwdrey pracy naukowej udowodnili, ze nadekspresja miR-802 prowadzi
do aktywacji szlaku sygnalizacji Wnt/B-katenina oraz NF-kB/p65 (ang. Nuclear
Factor Kappa-Llight-Chain-Enhancer Of Activated B Cells/p65) w komadrkach
raka ptuc, wykazujgc wzrost poziomu jgdrowe] frakcji B-kateniny oraz biatka
p65 [43].

Okreslenie wzajemnego wptywu zbadanych czgsteczek miRNA oraz
biatek moze doprowadzi¢ do wytyczenia nowych szlakéw sygnatowych
zwigzanych z progresjg nowotworowg w raku prostaty. Istniejg bowiem
doniesienia literaturowe o mozliwym wptywie regulacyjnym chemokiny SDF-1
na wybrane czasteczki miRNA. Potter i jego wspdétautorzy w swoim badaniu
nad BMSC (ang. Bone Marrow Stromal Cells) wskazali, ze SDF-1, oddziatujgc na
niektore czasteczki miRNA, moduluje proces migracji BMSC [44]. Cytokiny i

mediatory procesu zapalnego mogg regulowac ekspresje czasteczek miRNA,
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przez co posrednio wptywajg rowniez na regulacje wielu gendéw [45,46]. Yang i
pozostali wspétautorzy pracy udowodnili, ze czynnik MIF stymulowat wzrost
ekspresji miR-301b wptywajgc tym samym hamujgco na NR3C2 (ang. Nuclear
Receptor Subfamily 3 Group C Member 2) u pacjentéw chorych na raka
trzustki. Badania funkcjonalne wykazaty, ze obnizony poziom ekspresji NR3C2
korelowat z gorszym rokowaniem u tych pacjentéw. Ponadto, w tym samym
badaniu wykazano, ze genetyczna delecja MIF zaktdcita o$ sygnatowag MIF-
miR-301b-NR3C2, hamujgc rozprzestrzenianie sie i tworzenie przerzutéw oraz
wydtuzajgc przezycie w modelu genetycznie zmodyfikowanej myszy [47].
Potwierdzenie takich zaleznosci miedzy biatkami a czgsteczkami miRNA u
pacjentéw chorych na raka prostaty, mogtoby sugerowac, ze stan zapalny
odgrywa kluczowa role w inicjacji i progresji nowotworowej u pacjentéw
chorych na raka prostaty, a chemokina SDF-1 oraz cytokina prozapalna MIF
mogtyby stanowié¢ wczesne markery postepu choroby oraz punkt wyjscia do
indywidualnego doboru metod leczenia. Zastosowanie profili miRNA-
biatkowych w diagnostyce onkologicznej pacjentow chorych na raka prostaty
jako narzedzia pomocniczego w klasyfikacji stopnia zaawansowania
pacjentéw, u ktérych zdiagnozowano ten nowotwér, wydaje sie by¢

przysztosciowe.
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4. Cele pracy doktorskiej

1. Okreslenie zaleznosci pomiedzy danymi kliniczno-patologicznymi, a ekspresjg
szeregu czgsteczek miRNA, na podstawie meta-analizy opublikowanych danych,

ze szczegdlnym uwzglednieniem procesu przejscia epitelialno-mezenchymalnego.

2. Okreslenie wptywu procesu przejscia epitelialno-mezenchymalnego na
przebieg kliniczny raka prostaty poprzez analize ekspresji szeregu biatek, takich

jak: MIF, SOX-4, B-katenina, E-kadheryna.

3. Préba oceny zaleznosci pomiedzy procesem przejscia epitelialno-
mezenchymalnego, a przebiegiem klinicznym raka prostaty poprzez ocene

ekspresji szeregu biatek, takich jak: SDF-1, CXCR4 oraz CXCR7.

5. Artykuty wchodzace w sktad rozprawy doktorskiej
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Abstract

The ability of tumor cells to spread from their origin place and form secondary tumor foci is determined by the
epithelial-mesenchymal transition process. In epithelial tumors such as prostate cancer (PCa), the loss of intercellular
interactions can be observed as a change in expression of polarity proteins. Epithelial cells acguire ability to migrate,
what leads to the formation of distal metastases. In recent years, the interest in miRNA molecules as potential future
treatment options has increased. In tumor microenvironment, miRNAs have the ability to regulate signal transduction
pathways, where they can act as suppressors or oncogenes. MiRNAs are secreted by cancer cells, and the changes

in their expression levels are closely related to a cancer progression, including epithelial-mesenchymal transition.
These molecules offer new diagnostic and therapeutic possibilities. Therapeutics which make use of synthesized

RNA fragments and mimic or block miRNAs affected in PCa, may lead to inhibition of tumor progression and even
disease re-emission. Based on appropriate qualification criteria, we conducted a selection process to identify scientific
articles describing miRNAs and their relation to epithelial-mesenchymal transition in PCa patients. The studies were
published in English on Pubmed, Scopus and the Web of Science before August 08, 2019. Hazard ratios (HRs) and 95%
confidence intervals (Cl) as well as total Gleason score were used to assess the concordance between miRNAs and
presence of metastases. A total of 13 studies were included in our meta-analysis, representing 1608 PCa patients and
15 miRNA molecules. Our study clarifies a relationship between the clinicopathological features of PCa and the aber-
rant expression of several miRNA as well as the complex mechanism of miRNA molecules involvement in the induc-
tion and promotion of the metastatic mechanism in PCa.

Keywords: Epithelial-mesenchymal transition, EMT, Metastases, microRNA, miRNA, Prostate cancer, Meta-analysis

Introduction per year and the PCa death rates between 2012 and 2016

Prostate cancer (PCa) is the second most common diag-
nosed cancer and is considered the fifth leading cause
of cancer-related deaths among men worldwide [1].
According to American Cancer Society statistics, the PCa
incidence rates between 2011 and 2015 amounted 109.2
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reached 19.2, showing decrease tendency [2] with the
peak incidence (237.5 per year) and death rates (39.2) in
1992 [3]. In general, PCa has outstanding survival rates
[3]. Surveillance, Epidemiology, and End Results Program
(SEER 18 2009-2015) data shows the relative 5-year sur-
vival rate of local and regional stage PCa is almost 100%,
for all races [2, 3]. However, for late stage PCa, the rela-
tive 5-year survival rate is only 30.5% [2, 3] Moreover, it
is estimated that about 30% of men with diagnosed PCa
have bone metastases [4]. In the U.S., the estimations for
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PCa with bone metastases amount to 6.5% (47,607 PCa
with bone metastases in 735,812 of all PCa cases) of all
PCa cases in 2004 [5]. Since 2007, the low-risk PCa inci-
dence rate has decreased, however, the metastatic PCa
incidence rate has notable increased [6].

The metastatic PCa involves multistep processes,
including invasion, migration and survival of migrating
cells, also location and proliferation in distant sites [7].
A critical point in metastases formation is attributed to
the epithelial-mesenchymal transition (EMT) process
[8]. EMT is a unique process by which tumor epithelial
cells undergo molecular reprogramming and cytoskele-
ton remodeling through their transition to mesenchymal
cell phenotype, The cells lose their adhesion capability
and acquire the ability to move and to invade other tis-
sues [9]. It is well known that the EMT process consti-
tutes the early stage of metastases [10]. More specifically,
the EMT transition is characterized by E-cadherin sup-
pression associated with loss of cell adhesion properties
and acquisition of mesenchymal markers, such as N-cad-
herin, Vimentin, Fibronectin, which enable cell mobility
[11].

In the last decade, microRNAs have been shown to
play an important role in managing single or numerous
complex steps of metastases leading to tumor outgrowth
by deregulation of target genes expression. MicroR-
NAs (miRNAs) are approximately 18-22 nucleotides
long, single-stranded and non-coding regulatory RNAs,
habitually aberrant in PCa [12, 13]. In normal tissue,
microRNAs have the ability to regulate many biologi-
cal processes such as cell proliferation, cell cycle arrest,
aging and apoptosis. A number of studies have confirmed
their presence and participation in metastases. They are
responsible for controlling the expression level of pro-
metastatic genes through base-paring with messenger
RNAs (mRNAs) at the post-transcriptional level and lead
to enhancement or suppression of the metastatic process.

Single miRNA has the ability to target multiple mRNA
genes simultaneously. Many previous studies have
revealed that above 50% of miRNA genes are situated in
cancer-associated genomic regions and they form a cen-
tral nodal points due to cancer progression [14]. They
constitute crucial modulators in human cellular signaling
pathways and are engaged in controlling gene expression
of their targets. The abnormal expression level of miR-
NAs is heavily related to disease progression [15]. Owing
to changes in expression levels, miRNAs have been clas-
sified as oncogenic molecules and tumor suppressors.
Oncomirs (Onc) promote cancerogenesis through damp-
ing the mRNAs encoding tumor suppressor proteins at
translational level (miR-301a, miR-409-3p, miR-210-3p,
miR-543, miR-409-3p, miR-410-3p in PCa). While, tumor
suppressors (TS) miRNAs are responsible for repression

Page 2 of 24

of mRNAs encoding onco-proteins at translational level
(miR-573, miR-802, miR-3622a, miR-466, miR-203, miR-
132/212, miR-141-3p in PCa).

MicroRNAs show strong promise as molecular bio-
markers and treatment opportunity due to several
aspects. Firstly, they manifest tissue-specific expression
patterns in malignancies and exhibit a highly stable form
in formalin-fixed tissues [16], as well as in blood, plasma
and other bodily fluids [17, 18]. Circulating microRNAs
are resistant to endogenous RNases activity, therefore
their expression level can be determined in bodily fluids.
Secondly, miRNA expression levels are varied in indi-
vidual cancers, so they can specify different types of can-
cer. Thirdly, there has been observed a clear dissimilarity
of miRNA regulation between different kinds of cancer.
Fourthly, the efficiency and accuracy of miRNAs ori-
ented to the target cells, make them attractive molecules
in miRNA-based therapy. Fifthly, various microRNA
profiles could be used for distinguish pathological and
normal tissue as well as accurately recognize cancerous
subtypes [19].

To the best of our knowledge there is no meta-analy-
sis which describes the prognostic significance of miR-
NAs-related to the EMT process in PCa. In this study, we
revealed the importance of fifteen deregulated miRNAs
that constitute therapeutic potential and could be utilized as
measurable indicators of PCa metastatic potential. To inves-
tigate their significance in EMT transition, we performed a
meta-analysis, based on patient data extracted from scien-
tific articles, where studies were conducted on formalin-
fixed paraffin-embedded or fresh/snap-frozen tissues.

Materials and methods

Search strategy and eligibility criteria

The selected publications were identified by using up-
to-date electronic databases, including PUBMED, Sco-
pus and Web of Science online databases. The following
keywords were used for the search: miRNA, EMT and
prostate cancer. The inclusion criteria were as follows:
(1) type of microRNA (miRNA was related to EMT pro-
cess); (2) the articles were published between 2010 and
2019 year; (3) the study was conducted on formalin-fixed
paraffin embedded tissue samples (FFPE) or fresh/snap-
frozen prostate cancer tissues; (4) the study contained the
following clinicopathological descriptions: TNM stages,
according to TNM Classification of Malignant Tumors
system (TNM) as well as Gleason score (GS) which
were grouped by both low and high level of microRNAs
expression. Exclusion criteria were as follows: (1) review
articles; (2) studies based on PC cell lines; (3) non-clinical
samples; (4) lacked sufficient data for estimating Hazard
Ratios (HRs) and their 95% confidence intervals (Cls); (5)
duplicate articles; (6) non-English paper; (7) case reports,
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letters, commentaries, conference abstract. The publica-
tion list was last updated on August 08, 2019.

Quality assurance

Methodology quality evaluation of incorporated studies
was performed by two reviewers, working independently
with the Newcastle-Ottawa Scale (NOS) for case—con-
trol quality assessment [20]. The evaluation process was
divided into three steps: selection with a maximum score
of 4, comparability with a maximum score of 2 and expo-
sure/outcome with a maximum score of 3. A total score
of 6-9 points ensured the highest quality.

Data extraction

The data extraction process was provided irrespectively
two times by one author (MP) and was supervised by the
senior reviewers in case of discrepancies (MB, DG). We
collected the following items extracted from all included
publications: (1) basic details: the title, first author’s last
name, year of publication, country/continent of origin;
(2) general details of the study: the name of microRNAs,
sample size and kind of sample, microRNA detection
method, size of both the low and high group of microR-
NAs expression level; (3) clinicopathological details: the
TNM Classification of Malignant Tumors and Gleason
score.

Statistical analysis

All statistical analyses were completed with the PQStat
package. P value<0.05 was considered as statistically
significant. Estimation of miRNAs expression in PCa
patients and their prognostic effects was presented using
forest plots. We used the fixed-effects model to calculate
Relative Risks (RRs) and 95% Cls in all included studies.
In general, a RR > 1 demonstrated a poor patient outcome
in cases with higher miRNA expression. The Cochrane’s
Q statistic and Inconsistency index (I) test was used to
assess of heterogeneities. An I>>50% is considered as a
high heterogeneity level. Funnel plots were used to visu-
alize of publication bias.

Results
Study characteristics
Study selection process identified 13 articles, which were
included in the meta-analysis. Our study worked with
articles published between 2010 and 2019, focusing on
data of following miRNA: miR-410-3p [21], miR-573 [22],
miR-3622a [23], miR-301a [24], miR-466 [25], miR-503
[26], miR-203 [27], miR-210-3p [28], miR-802 [29], miR-
543 [30], miR-132 and miR-212 [31], miR-409-3p and
miR-409-5p [32] and miR-141-3p [33].

The total of 289 primary articles were searched in
PubMed, Scopus and Web of Science databases. The
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flow chart diagram of the study selection process in our
meta-analysis is presented below (Fig. 1). In the first step,
we excluded 115 duplicated literatures. After examina-
tion of abstracts and full-text articles, we removed 161
publications and included 13 articles, finally. The main
characteristics of involved studies was recapitulated in
Table 1. The miRNAs in Table 1 were arranged in alpha-
betical order and some articles were divided into two
parts because of more described miRNAs. The total
group of the meta-analysis incorporated 1608 patients.
The enrolled participants were divided into clinical and
pathological stages, according to the TNM Classifica-
tion of Malignant Tumors (TNM) standard. The par-
ticipants of included studies mainly derived from China
and the USA, but the dominant ethnicity was Chinese in
approximately 60% of all studies. Detection of miRNAs
deregulation was accomplished using real-time polymer-
ase chain reaction (RT-PCR). The miRNAs fraction was
isolated from fresh/snap-frozen or formalin-fixed paraf-
fin embedded sections of tissue.

Associations between miRNAs and the clinicopathological
features of prostate cancer

In the current meta-analysis, we checked the associa-
tion between miRNAs and clinicopathological features of
prostate cancer presented in Table 2. For these compila-
tions the Relative Risk (RR) and corresponding 95% Con-
fidence Intervals (95% CI) were calculated.

Association between miRNAs and the metastasis generally
A total of eight articles, involving ten miRNA molecules,
were included to analysis of the association between
miRNAs expression and the presence of metastasis. The
total number of included patients was 881 individu-
als. The heterogeneity of this analysis was at high level
(7 <0.000001, 1*=87%). Patients with high expression
of miR-410-3p, miR-212, miR-210-3p and miR-543 had
significantly poorer prognosis compared to their low
expression level respectively (RR=1.85, 95% CI 1.25-
2.74, p=0.002; RR=11.59, 95% CI 1.61-83.31, p=0.014;
RR=2.43, 95% CI 1.61-3.67, p=0.000; RR=6.60, 95%
CI RR=1.68-25.95, p=0.005) (Fig. 2a). Furthermore,
low expression of other four miRNAs, miR-132, miR-
802, miR-141-3p, miR-503 were predicted significantly to
tumor progression, compared to high expression of them
(RR=0.36, 95% CI 0.14-0.92, p=0.033; RR=0.35, 95%
CI 0.18-0.69, p=0.002; RR=0.45, 95% CI: 0.28-0.73,
p=0.001; RR=0.23, 95% CI 0.05-0.99, p=0.05). In the
one analysis with miR-301a no statistically significant
association was noticed (Fig. 2a). The clinicopathologi-
cal details of the group, concerning information about
metastases were presented in Table 3.
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e Pubmed (n=114)
e Scopus (n=64)
e Web of Science (n=111)

Records identified through database searching (custom range: from 2010 to 2019, n=2389):

Using three key words: “miRNA”, “EMT" and “prostate cancer”

Records after duplicates removed (n=174)

e Rewiews (n=30)
e Unrelated to prostate cancer (n=44)

e Unrelated to topic (n=15)
e No full-text available (n=3)

Records searched: examination of abstracts (n=174):

¢ Non-clnical sample (animal study) (n=1)

e Methodology (exclude studies conducted only on cell lines) (n=38)

e Unrelated to topic (n=1)

¢ Incomplete data (residual data) (n=8)

Full-text articles viewed for further quality evaluation of details (n=43):

o Insufficient data (without of key information) (n=21)

13 studies for the meta-analysis

Fig. 1 The flow diagram of meta-analysis

Sub-analysis 1. Association between miRNAs

and the lymph node metastasis

Out of eight published papers with the metasta-
sis patients data the analyses selected three articles,
describing miRNAs expression among prostate cancer

patients with lymph node metastasis. The total number
of engaged patients was 353 individuals, constituting
approximately 43% of all PCa patients with lymph node
metastasis. The heterogeneity of this sub-analysis was
at low level and the heterogeneity was not statistically
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Table 1 The main characteristic of included studies
Author Publication year Country miRNA type General details of the study
Sample type Sample size Detection method
Bucay 2017 USA miR-3622a FFPE 138 RT-PCR
Colden 2017 USA miR-466 FFPE 96 RT-PCR
Du 2017 China miR-543 Fresh 42 RT-PCR
Fu 2016 China miR-132 FFPE 57 RT-PCR
Fu 2016 China miR-212 FFPE 57 RT-PCR
Huang 2017 China miR-141-3p Snap-frozen 141 RT-PCR
Jiang 2016 China miR-503 FFPE 82 RT-PCR
Josson 2017 USA miR-409-3p Tissue microarray 61 RT-PCR
Josson 2017 USA miR-409-5p Tissue microarray 61 RT-PCR
Nam 2016 Canada miR-301a FFPE 585 RT-PCR
Ren 2017 China miR-210-3p Snap-frozen 149 RT-PCR
Saini 2010 USA miR-203 FFPE 22 RT-PCR
Wang 2015 China miR-573 FFPE 80 RT-PCR
Wang 2017 China miR-802 Fresh 73 RT-PCR
Zhang 2018 China miR-410-3p Fresh 82 RT-PCR
Table 2 Associations between miRNAs and clinicopathological features studied in current meta-analysis
Clinicopathological features miRNAs Figures
Presence of metastasis
GM miR-410-3p, miR-132, miR-212, miR-802, miR-141-3p, miR-210-3p, miR-301a, miR-503, miR-543 Figure 2a
LNM miR-802, miR-301a, miR-503 Figure 2b
DM miR-132, miR-212, miR-802, miR-141-3p, miR-210-3p Figure 2¢
BM miR-141-3p, miR-210-3p Figure 2d
Total Gleasone scor
GS5>6 miR-410-3p, miR-132, miR-212, miR-203, miR-409-3p, miR-409-5p, miR-301a, miR-466, miR-503, miR-543, Figure 2e
miR-573, miR-3622a
GS5>7 miR-132, miR-212, miR-802, miR-141-3p, miR-210-3p, miR-203, miR-409-3p, miR-409-5p, miR-301a, miR-466, Figure 2f
miR-503, miR-543, miR-573, miR-3622a
pl stage accordingto TNM ~ miR-410-3p, miR-132, miR-212, miR-802, miR-203, miR-301a, miR-466, miR-503, miR-543, miR-573, miR- Figure 2g

3622a

GM general metastasis, LNM lymph node metastasis, DM distant

is, BM bone n

is, GS Gl 1 score, pT stage-pathological tumor stage

significant (p=0.330, I’=9.71%). The low expression of
miR-503 was associated with the presence of lymph node
metastasis (RR=0.22, 95% CI 0.052-0.989, p=0.047),
compared to high expression of miR-503 (Fig. 2b). The
results of others two of three miRNAs were not statisti-
cally significant (miR-802 and miR-301a).

Sub-analysis 2. Association between miRNAs

and the distant metastasis

From the total eight articles, describing data of metas-
tasis presence, we distinguished four articles, including

five miRNAs related to the distant metastasis. This
investigated group consisted of 477 individuals, consti-
tuting 51% of all patients with metastasis. The hetero-
geneity analysis for these five miRNAs was at high level
(<0.000, I’=91.59%). The overexpression of miR-212
and miR-210-3p were found to associate with the higher
risk of distant metastasis (RR=11.59, 95% CI 1.61-83.31,
p=0.015; RR=2.43, 95% CI 1.61-3.67, p=0.000, respec-
tively), compared to loss of miR-212 and miR-210-3p
expression. (Fig. 2c). On the other hand, the downregu-
lation of miR-132, miR-802, miR-141-3p were associated
with higher distant metastasis risk (RR=0.36, 95% CI

30



Parol et al. J Transl Med

(2021) 19:28

Page 6 of 24

Type of miRNAs

a b
A0 @ ey ——i
- ——i
-2 ————————
- = A X% .
-~y @
) 2 2
-20% ——i =A 50
L e ——
) S e
e ——m—
G0 81 AR 1 1% % NEQ W 006 006 0! Q¥ G2 04 0O 1 18 2%
¢ d
e . s l . |
812 ————————————
i .
— S B
it @
- = 2
) ——ae———
e AR 1 IM W e W % 02 04 00 1 18 25 AW e
e f
e (O — - e
R L A2 ——t
A2 [ — Ll Can
-8 20 R =] nA LY @
iy —— i R
A0
- A —
-0t o By L
ek e eind —o—
- 0% o
AT —— ik
=AS0 Ay S
a5 ] wAST) r——
A2 e RN —_——
= <>
e R e e 01 ar 1 1%
2
|
PRI —a8—
R .
A2
A2 -
i @
R a2
P —_——
- § ————t
~A L) et
-_ATy e e
-2 ——
[ 1 % »

Fig. 2 Forest plot analysis

logRR

31



Parol et al. J Trans! Med (2021) 19:28

Table 3 The metastasis presence of included studies

Author (year) miRNA Expression Clinicopathological

level details
Presence p-value
of metastasis

Du (2017) miR-543 Low 2 0.005
High 12

Fu (2016) miR-132 Low 7 0.043
High 6

Fu (2016) miR-212 Low 1 0.001
High 12

Huang (2017) miR-141-3p Low 36 <0.001
High 16

Jiang (2016}  miR-503 Low 9 004
High 2

Nam (2016) miR-301a  Low 7 0.5260
High

Ren (2017) miR-210-3p Low 20 <0.001
High 48

Wang (2017)  miR-802 Low 15 0.002
High 9

Zhang (2018) miR-410-3p Low 17 0001
High 33

0.144-0.924, p=0.034; RR=0.35, 95% CI 0.179-0.692,
p=0.002; RR=0.45, 95% CI 0.277-0.734, p=0.001) in
comparison to the up regulated miR-132, miR-802 and
miR-141-3p (Fig. 2¢).

Sub-analysis 3. Association between miRNAs and the bone
metastasis

Out of eight articles analyzing data of patients with
metastases, we distinguished two articles analyzing
patients with bone metastases and performed a separate
sub-analysis. We decided to include these two articles
to sub-meta-analysis apart from the rest types of metas-
tasis. The total number of included patients was 290,
which constitutes 35% of all metastatic patients. The het-
erogeneity test was at high level (p<0.000, I*=96.27%).
The results indicated that high miR-210-3p expression
level in prostate cancer tissue was significantly associ-
ated with the frequent occurrence of bone metastasis
(RR=2.43, 95% CI 1.61-3.67, p=0.000), compared to
low miR-210-3p expression. (Fig. 2d). On the other hand
low expression level of miR-141-3p among patients with
prostate cancer was associated with the higher risk of
bone metastasis occurrence (RR=0.45, 95% CI 0.27—
0.73, p=0.001) in comparison to the high miR-141-3p
expression (Fig. 2d).
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Association between miRNAs and the Gleason score

Out of ten articles, we included twelve miRNA molecules
to analyze the association between each miRNAs expres-
sion level and the total Gleason score > 6. The number of
patients was 1448 patients. The heterogeneity test was
at middle-high level (»=0.0001, =70%). We distin-
guished five miRNA molecules with RR value statisti-
cally significant. We found that elevated expression of
miR-410-3p was significantly associated with Gleason
score>6 (RR=2.19, 95% CI 1.20-4.00, p=0.01), com-
pared to the loss of miR-410-3p expression level (Fig. 2e).
On the other hand, we noticed that decreasing expres-
sion of the miR-132, miR-212, mir-503, miR-543 was
significantly associated with a total Gleason score>6
(RR=0.69, 95% CI 0.49-0.95, p=0.02; RR=0.66, 95%
CI 0.48-0.90, p=0.0007; RR=0.58, 95% CI 0.39-0.81,
p=0.009; RR=2.14, 95% CI 1.10-4.16, p=0.02), com-
pared to the higher miR-132, miR-212, miR-503, miR-543
expression level (Fig. 2e).

Among eleven publications, we found 13 miRNA mol-
ecules, which were included in the analysis of association
with the Gleason score>7. The number of patients was
1630 individuals. The heterogeneity test was middle-high
level (p=0.00007, 1?=69.68%). The five of mentioned
miRNA molecules were found statistically significant.
The analysis showed that low expression level of the miR-
212, miR-802, miR-203, miR-543 and miR-573 was signif-
icantly associated with the>7 Gleason score (RR=0.42,
95% C1 0.21-0.83, p=0.01; RR=0.38, 95% CI 0.19-0.75,
p=0.005; RR=0.1, 95% CI 0.01-071, p=0.02; RR =4.33,
95% CI 1.44-13.02, p=0.009; RR=0.49, 95% CI 0.25-
0.96, p=0.04) in comparison to the high miR-212, miR-
802, miR-203, miR-543 and miR-573 expression (Fig. 2f).
The Gleason score details of studied samples were dem-
onstrated in Table 4.

Association between miRNAs expression level and pT stage
The eleven miRNA molecules from ten publications
have been included to analyze of the association of miR-
NAs expression and pT stage. The patients’ number was
1389 individuals. The heterogeneity test was at middle-
high level (»=0.0003, I>=69.53%). The higher risk of
the advanced prostate cancer stage was related to the
high expression level of miR-410-3p (RR=2.16, 95% CI
1.23-3.79, p=0.007) and miR-543 (RR=3.85, 95% CI
1.52-9.77, p=0.004), compared to the low miR-210-3p
and miR-410-3p expression levels (Fig. 2g). On the con-
trary, the higher risk of the advanced prostate cancer
stage was connected to the miR-802 (RR=10.55, 95% CI
0.34-0.9, p=0.02) and miR-503 (RR=0.37, 95% C1 0.14-
0.92, p=0.03) low expression levels, compared to the
high expression level of miR-802 and miR-503 molecules
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Table 4 The Gleason score presence of included studies

Author miRNA Expression  Clinicopathological
(year) level details
Gleason score  p-value
=7 >7

Bucay (2017) miR-3622a Low 89 9 0.0223
High 22 1

Colden (2017) miR-466 Low -7 4 7 <0.0001
High 14 2

Du (2017) miR-543 Low 18 3 0.006
High 8 13

Fu (2016) miR-132 Low 14 19 0.028
High 16 8

Fu (2016) miR-212 Low 1 20 0.004
High 19 7

Huang (2017) miR-141-3p Low 23 48 <0.001
High 54 16

Jiang (2016)  miR-503 Low n 30 <0.01
High 23 17

Josson (2017) miR-409-3p Low
High

Josson (2017) miR-409-5p Low
High

Nam (2016) miR-301a Low 268 24 0.3634
High 262 31

Ren (2017) miR-210-3p Low 0 22 <0.001
High 0 49

Saini (2010) miR-203 Low 10 1
High 1" 0

Wang (2015) miR-573 Low 16 18 0.044
High 23 8

Wang (2017) miR-802 Low 0.004
High

Zhang (2018) miR-410-3p Low 30(<7) 10(=7) 0006
High 19(x7) 23(=7)

(Fig. 2g). The pathologic tumor stage (pT stage) and
details of included samples were shown in Table 5.

Regulatory pathways for miRNA-related to EMT program

in prostate cancer

In the current meta-analysis, we obtained the impor-
tant results for 15 miRNAs, based on primary data
from 13 published studies. For 7 miRNAs (miR-
410-3p, miR-301a, miR-802, miR-543, miR-409-3p,
miR-409-5p, miR-210-3p) of 13 articles (54%), the
deregulation was expressed as an overexpression in
prostate cancer samples, while for 8 (62%) of 13 pub-
lished papers the expression was down regulated
(miR-573, miR-3622a, miR-466, miR-503, miR-203,
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Table 5 The pathological T stage for tumors of included
studies

Author (year) miRNA Expression Clinicopathological
level details
Pathological/ p-value
clinical Stage®
=pT2 zpT3
Bucay (2017) miR-3622a Low 68 22 1.000
High 16 1
Colden (2017) miR-466 Low 40 3 <0.0001
High 13 22
Du (2017) miR-543 Low 18* 4 <0.001
High 6 147
Fu (2016) miR-132 Low 13 4 1.000
High 31
Fu (2016) miR-212 Low 23 3 0.063
High 21 10
Jiang (2016) ~ miR-503 Low 27 14 003
High 35 5
Nam (2016) miR-301a Low 189 103 0.2968
High 175 118
Saini (2010) miR-203 Low 9 2
High 10 1
Wang (2015)  miR-573 Low 30° ne 0.003
High 18 23
Wang (2017)  miR-802 Low 10 17 0.02
High 30 16
Zhang (2018) miR-410-3p low 29° n? 0.003
High 17 23

* clinical tumor stage

miR-141-3p, miR-212, miR-132). The direct targets
of specific miRNAs and their expression alterations
in a prostate cancer were presented in the Fig. 3. The
associations between specific deregulation of miRNAs
expression and following parameters: clinicopatholog-
ical features, including general, lymph node, distant or
bone metastasis, the both Gleason scores>6 and>7
as well as pT stage were demonstrated in Table 6. For
better understanding aforementioned dependencies,
the expression signatures for individual clinicopatho-
logical features were demonstrated in Fig. 4. The vari-
ous mRNA targets of dysregulated miRNAs and their
signal transduction pathways in prostate tumor cells
were demonstrated in Fig. 5. The presentation of key
regulatory molecular mechanisms of analyzed miR-
NAs involved in progression to metastatic disease
supports the understanding of the underlying miRNA
functions in prostate cancer cells.

Many previous studies have indicated that miRNAs
play a crucial role in various biological processes,
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Promotion of EMT through deregulation of miRNAs in prostate cancer
. miR-
miR-573 —> Dy
- 1] - i
miR-
miR-503 —> — 410-3p
2 «<— miR-
miR-203 —> 203
miR- ‘ miR-
miR-466 —> miR-802
miR-
miR-212
™~ ' 409-5p
. miR-
miR-132 miR-
7/ 141-3p 409-3p
Fig. 3 Targets of specific miRNAs-related to EMT program in prostate cancer
Table 6 Association between miRNAs expression and clinicopathological features
GM LNM DM BM GS>6 GS>7 pT stage
miR-132 ! ' i
miR-141p ! + i
miR-503 l J 4 i
miR-212 i {
miR-573 {
miR-210-3p t t 1
miR-410-3p t t 1
miR-543 t 1
miR-203 {
GM general metastasis, LNM lymph node is, BM bone me is, G5>6 Gl 1 score > 6, GS > 7 Gleason score > 7, pT stage pT stage according to the TNM

system, 1 overexpressed miRNA, | downregulated miRNA

encompassing development, proliferation, differen-
tiation, cell fate determination, apoptosis, angiogen-
esis, adhesion, metastasis, signal transduction, organ
development, hematopoietic lineage differentiation,
host-viral interaction and tumor genesis [34—40]. The
known biological functions of analyzed miRNAs in
the cancerous tissues have been presented in Table 7.

Publication bias

The high heterogeneity level of data of assembled miR-
NAs could be related to the variables selected in each
study. The most frequently heterogeneity sources of vari-
ance in meta-analyses are different research methodolo-
gies, various patient races, various research samples and
methods of sample collection or storage, insufficient
data, the small study groups, different analysis periods
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(follow-up time), various indicators and methods of esti-
mating results. In order to evaluate disturbing factors we
performed sensitivity analysis.

We performed Begg’s funnel plot and Egger’s test to
judge potential publication bias of completed analy-
sis. Significant heterogeneities (p <0.05, I>>50%) were
found in a miRNAs and metastasis analysis. The het-
erogeneity test performed for the analysis of the asso-
ciation of miRNAs and the general metastasis indicated
high level (I =87.99%) and was statistically significant
(»<0.00002). I?>75% indicates a high heterogene-
ity of the study, which could be disturbed by different
types of metastasis. The main results for pooled RRs
for meta-analysis were recapitulated in Table 8. It was
right to consider a more homogenous group to meta-
analysis in the way of excluding miRNAs, which lead
to perturb a heterogeneity of study. In order to reduce
the risk of heterogeneity and better presenting of the

results, we decided to repeat the analysis formed sub-
groups based on metastasis type: lymph node metas-
tasis, distant metastasis and bone metastasis. The
associations of miRNAs and both presence of dis-
tant metastasis and bone metastasis revealed the high
level of heterogeneity test and the results was statisti-
cally significant (I>=91.59%, p <0.000001; I’ =96.27%,
p<0.000001, respectively). However, the association
between miRNAs expression and lymph node metasta-
sis noticed a low level of heterogeneity test at I=9.71%
and was statistically insignificant. Others compilations
indicated a moderate heterogeneity level: 1>=70.09%,
p=0.000125 for GS.6; 1>=69.68%, p=0.000085 for
GS>7; 1*=69.53%, p=0.000293 for pT stage. The Egg-
er’s test, counting the asymmetry of conducted analy-
sis, showed statistically non-significant results for all
compilations. The funnel plots presenting publication
bias were shown in Fig. 6.
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Sensitivity analysis

We performed sensitivity analysis to establish the impact
of single miRNA studies on the stability of achieved
results through removing individual miRNA study, in
a sequential manner. For the analysis of association
between miRNAs expression level and the general metas-
tasis, we noticed that three studies with miR-212, miR-
210-3p and miR-543 had the largest effect on the results,
but each p-value was statistically non-significant. The rest
of the studies showed the RR value close to one or greater
than one and constituted stable and robust results.
For the comprehensive analysis of individual miRNAs
expression and specific metastasis types, the sensitiv-
ity analysis demonstrated disorder results for miR-301a,
concerning the lymph node metastasis, with the statisti-
cally significant p-value (p =0.018181) as well as miR-212
and miR-210-3p, concerning the distant metastasis, but
the p-value was not statistically significant. The RR val-
ues of the rest engaged studies of mentioned two analyses
were close to each other. For GS > 6, the sensitivity analy-
sis showed two studies with miR-410-3p and miR-543,

disturbing the association analysis, but the p-value indi-
cated statistically non-significant results. The rest of
RR value of miRNA studies was close to one and stable.
Similarly, for pT stage, the sensitivity analysis showed
three studies (with miR-410-3p, miR-212, miR-543) with
RR value, deviating from the rest studies, but the p-value
revealed statistically non-significant results. The dia-
grams illustrating sensitivity analysis were included in
Fig. 7.

Discussion

MicroRNAs are molecules which show promise as poten-
tial markers of poor prognosis among patients with
malignancies. The latest advances in prostate cancer
research showed diagnostic, prognostic and treatment
utility of variety miRNA molecules measured in serum,
plasma, ejaculate, tissue or urine [104—108]. Nonetheless,
our study describes the significance of miRNAs involved
in the EMT program for the first time, incorporating
1608 prostate cancer patients.
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Table 7 Biological functions of discussed miRs in cancer

Name of microRNA Genomic locations Biological functions in cancer Ref.

miR-3622a 8p21.1 miR-3622 requlates cancer cells proliferation, progression, apoptosis, GO/G1 cell cycle [23,41-44]
arrest, migration and invasion abilities of cancer, EMT, metastasis

miR-466 3p23 miR-466 induces proliferation, migration, invasion, angiogenesis cell cycle arrest, apoptosis  [25, 45, 46]
in cancer cells, EMT and metastasis

miR-543 14g32.31 mir-543 mediates cell proliferation and tumor growth, apoptosis, the cell cycle, migration,  [30,47-53]
invasion, EMT and metastasis

miR-132 17p133 miR-132 regulates proliferation of cancer cells, colony formation, tumor growth, migration  [54-58]
and invasion of cancer cells, the G1/S phase transition of the cell cycle, EMT in cancer
cells, apoptasis in cancer cells

miR-212 17p133 miR-212 mediates the proliferation and invasion of cancer cells, EMT and metastasis [59-62]

miR-141-3p 12p13.31 miR-141 regulates proliferation, tumor growth, migration, EMT, chemosensitivity, apopto-  [33,63-70]
sis, angiogenesis, oxidative stress response, cellular motility and control “stemness”

miR-141-3p regulates proliferation, tumor growth, migration, and invasion of cancer cells,

cancer cell progression, EMT and metastasis

miR-503 Xq26.3 miR-503 regulates cell proliferation, tumor angiogenesis, cell growth and EMT in cancer [71-771
cells

miR-408-3p 14g32.31 miR-409-3p mediates tumorigenesis, tumor growth, invasion, EMT and metastasis of [32,78-81]
tumor cells

miR-409-5p 14g32.31 miR-409-5p mediates tumorigenesis, EMT and bone metastasis [32,81]

miR-301a 17922 miRNA-301a regulates tumor cell invasion, migration, cell proliferation, apoptosis and [82-84]
enhancing chemosensitivity, EMT and metastasis

miR-210-3p 11p15.5 miR-210-3p regulates cell survival, stem cell differentiation, angiogenesis, DNA damage [28, 63, 85-89]
repair, mitochondrial metabolism, immune response, EMT and metastasis

miR-203 1493233 miR-203 requlates tumor proliferation, invasion, migration, apoptosis, EMT and metastasis  [90-93]

miR-573 4p152 miR-573 mediates cell proliferation, tumor growth, apoptosis, angiogenesis, EMT and inva-  [94-96]
sion of cancer cells

miR-802 21922.12 miR-802 modulates proliferation, tumor growth, apoptosis, migration, invasion, EMT and [29,97-100)
metastasis of cancer cells

miR-410-3p 1493231 miR-410-3p mediates cell proliferation, invasion, migration, EMT, apoptosis, chemosensitiv-  [21, 101-103]

ity and autophagy

Table 8 Main results of pooled RRs in the meta-analysis

Comparisions (miRNA groups) Heterogeneity test Summary RR (95% Cl) Asymmetrical distribution  Studies
Q p-value 12 (%) b Egger p-value
coefficient

General metastasis 66.60 <0.000001 87.99 1.05 (0.52, 2.09) —086 ns (0.70) 9
Distant metastasis 47.58 < 0.000001 91.59 092 (0.32,261) —-082 ns {0.86) 5
Lymph node metastasis 221 ns (0.33) 9.71 0.54 (0.30, 1.00) —1380 ns (0.65) 3

Bone metastasis 2683 <0.000001 96.27 1.05 (0.84, 5.49) NA NA 2
Gleason score > 6 3678 0.000125 70.09 90 (0.77, 1.06) -0 ns (0.46) 12
Gleason score >7 3958 0.000085 69.68 0.82 (0.60,1.13) —155 ns (0.15) 13

pT stage 3281 0.000293 69.53 1.02 (0.73,147) —-031 ns (0.77) 1

Cancer metastases are a leading cause of cancer mor-
tality and accounts for approximately 90% of deaths due
to cancer [109]. However, appropriate diagnostic tech-
niques for predicting progression potential have still not
been discovered. Our results provided by 13 tissue-based
studies for 7 overexpressed and 8 down regulated miR-
NAs revealed 9 miRNAs with the highest association

with metastatic stage of PCa. The current meta-analysis
suggested that miR-210-3p and miR-141-3p had particu-
larly notable significance in a formation of metastasis.
Overexpressed miR-210-3p and down regulated miR-
141-3p have been found to be associated with the pres-
ence of general metastasis, distant metastasis as well as
bone metastasis.
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Fig. 6 Funnel plots for publication bias

logRR

MiR-210-3p has been widely recognized as an onco-
gene, engaged in tumor progression process. MiR-210-3p
was documented as up regulated in many cancers: breast
cancer [110], lung cancer [111], pancreatic cancer [112],
head and neck cancer [113]. In breast cancer, miR-210-3p
was recognized in rapid formation of distant metasta-
ses [114-116]. Similarly, miR-210-3p expression was
found to be elevated in bone metastatic PCa patients
compared to non-metastatic PCa patients. Additionally,
it was found that miR-210-3p silencing has significantly

attenuated bone metastasis formation in PC-3 cells
in vivo [28]. As a consequence, it is likely that through
the assessment of miRNA levels, metastasis types could
be differentiated. Our meta-analysis revealed character-
istic miRNAs signatures for each metastasis type. Based
on presented results a downregulation of miR-503 seems
to be specific for lymph node metastasis while a upregu-
lation of miR-210-3p as well as a downregulation of miR-
132 and miR-141-3p are associated to presence of distant
metastasis. The signature of aforementioned miRNAs
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could be potentially used to estimate a risk of metasta-
sis development at an early stage of PCa followed by a
more radical treatment procedure in selected cases. On
the other hand, the miR-141-3p has been found acting as
a tumor-suppressing miRNA, inhibiting the cancer cells
progression via directly targeting of tumor necrosis fac-
tor receptor-associated factor 5 (TRAF5) in colorectal
cancer tissues and cell lines [117]. Similarly, at PCa study,
miR-141-3p has been found down regulated, acting as a
tumor suppressor that targets TRAF5 and TRAF6 [33].

In the current meta-analysis it was shown that the
formation of metastasis overall has been significantly
associated with increased expression of miR-410-3p and
miR-543. The recent study of Zhang et al. has shown that
the elevated expression of miR-410-3p affects a down-
regulation of phosphatase and tensin homolog deleted
on chromosome ten (PTEN) and results in an activation
of AKT/mTOR signaling pathway. They have also shown
that miR-410-3p plays a crucial role as an oncogene in
PTEN/AKT/mTOR pathway [21]. It is possible that its
upregulation could promote a disease progression and
a metastatic ability of prostate cancer due to deactiva-
tion of PTEN protein, a natural inhibitor of PI3K/AKT/
mTOR pathway. Similar mechanism may be associ-
ated with increased miR-543 level. In colorectal cancer
(CRC), miR-543 has been found acting as an oncogene
and promotes tumor progression [47]. Moreover, MiR-
543 has been significantly up regulated in metastatic
prostate cancer tissues [30]. Sun et al. have revealed that
PTEN is a direct target of miR-543 [47]. In turn, PTEN
has been considered as a tumor suppressing gene, which
is strongly involved in the apoptosis process [118]. In
the another study, Liu and co-workers have noticed that
rising expression of miR-543 may lead to a downregula-
tion of PTEN and inversely, the inhibition of miR-543
could activate PTEN in CRC cells [51]. In many previ-
ous studies have been shown that the loss of PTEN gene
can increase the PI3K/AKT signal transduction path-
way, leading to the tumor progression and formation of
metastases [119, 120].

Furthermore, MiR-543 has been also described as a
pivotal modulating factor of tumor growth and metasta-
sis through binding to Raf kinase inhibitor protein (RKIP)
in PCa. Previous studies have suggested that RKIP is
responsible for inhibition of PCa progression by blocking
MAP kinase (MAPK) signaling pathway and activation of
NE-KB factor through G-protein regulating [121, 122]. Li
and colleagues in their study at gastric cancer (GC) have
demonstrated that miR-543 enhances ability to cell pro-
liferation and formation of colony, what in consequence
lead to a progression to the S phase, by directly targeting
histone deacetylase sirtuin 1 (SIRT1) [49]. In the same
study, the authors have shown that miR-543 molecule
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negatively modulates the SIRT1 expression in GC cells.
Moreover, themiR-543 was positively associated with
such clinicopathological parameters as size of the tumor,
clinical grade, TNM stage and metastasis to the lymph
nodes in gastric cancer patients [49]. Additionally, Haga
and co-workers have presented seven miRNAs: miR-
300, miR-382, miR-494, miR-495, miR-539, miR-544 and
miR-543 in the imprinted DLK1-DIO3 region, which
cooperatively regulates the EMT process, by repressing
signal transduction network, including TWIST1, BMII,
ZEB1/2, and miR-200 family miRNAs [123]. The epige-
netic silencing of miRNAs cluster that appears through
hypermethylation of upstream CpG islands in human
ductal carcinomas lead to initiate the EMT process [123].

On the other hand, we observed also in current meta-
analysis that microRNA molecules might be closely
related to a specific type of metastases. The decreased
miR-503 expression could correspond with a formation
of metastasis generally and lymph node metastasis spe-
cifically, while the decreased expression of the miR-132
seems to be associated with the development of metasta-
sis overall as well as with the presence of distal metastasis.
These observations may suggest a possibility of determin-
ing a risk of lymph node metastasis or distant metastasis
development via changes in miR-503 and miR-132 level.
MiR-503 has been found to be involved in formation of
a malignant phenotype in a wide spectrum of cancers.
Using the RT-qPCR, it has been demonstrated the ele-
vated expression level of miR-503 in esophageal squa-
mous cell carcinoma (ESCC). Also, the overexpression of
miR-503 was found in correlation with following clinico-
pathological features: TNM stage, tumor differentiation
and lymph node metastasis. Summarizing this study, the
authors revealed that miR-503 represses ESCC progres-
sion by induction of autophagy, regulated in the PKA/
mTOR signaling pathway [124]. Therefore, a decrease in
miR-503 level leads to tumor proliferation and metasta-
size. In human non-small cell lung carcinoma (NSCLC),
miR-503 was observed as a tumor-suppressive miRNA,
which was inversely associated with patient overall sur-
vival. In turn, upregulation of either PI3K p85 or IKK-B,
direct targets of miR-503, guaranteed fractionally restor-
ing of malignant phenotype of cancer cells [125]. Inter-
estingly, in A549/CDDP non-small cell lung cancer cells
in comparison to the parental A549 cells, deregulation
of miR-503 expression was found to decrease the resist-
ance on cisplatin of NSCLC cells [126]. These findings
may have important significance in case of chemotherapy
failure due to cancer drug resistance. However, in current
work we point out a possibility of miR-503 implementa-
tion to predict progression to the lymph node metastasis
stage, specifying their potential between miR-503, miR-
802 and 301a.
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The presence of lymphovascular metastasis constitutes
a formidable foundation for the possibility of further
extending metastases and forming the tumor cells foci,
located at distant body parts. Hence, in the future per-
spective, a prediction of metastasis development and a
clinical classification of metastasis types via fluctuations
in microRNA molecules expression levels is justified.
Predicting lymph node metastasis by evaluation of miR-
503 expression possess a valuable potential in particular
for the possibility to inhibit spreading of tumor cells to
distant body parts.

Contrarily, miR-132 can play a dualistic role in can-
cers [127]. In this meta-analysis, miR-132 was found to
be associated with both general metastasis and distant
metastasis The results of latest studies may confirm an
oncogenic role of miR-132 in cancer. Wong and co-work-
ers have found 24-upregulated miRNAs, including miR-
132, in tongue squamous cell carcinoma [128]. Liu et al.
have revealed that miR-132 was down-regulated in both
hepatocellular cancer (HCC) tissues and HCC cell lines
and the same miR-132 was responsible for a suppres-
sion of tumor development and blocking of invasiveness.
Additionally, miR-132 can directly target PIK3R3 and
controls the AKT/mTOR signal transduction pathway
in HCC [58]. MiR-132 may act as a tumor suppressing
miRNA in non-small lung cancer [56] and ovarian cancer
[129]. In PCa the loss of miR-132 was found to be in cor-
relation with poor clinical outcome. MiR-132 deregula-
tion leads to decreased a cell-to-cell adhesion and to cell
death inhibition, which is necessary for circulating tumor
cells to adhere to foreign organ areas. Formosa et al. have
observed that the CpC island hypermethylation seems to
be responsible for silencing of miR-132 [130].

Such highly heterogeneous tumor as PCa creates sig-
nificant diagnostic challenges and hinders the ability to
predict disease progression. Exploiting the expression
alterations of miRNAs specific for kind of metastasis may
provide opportunity to early prediction of prostate can-
cer progression. In this meta-analysis, we want to point
out the potential of panel with 6 miRNAs for monitoring
disease progression, directed to metastasis occurrence.
Our findings revealed that the increased expression of
miR-410-3p, miR-210-3p, miR-543 and the decreased
expression of miR-132, miR-141-3p and miR-503 have
been significantly associated with the appearance of
metastases in progress of PCa.

The second aim of our study was to analyze a rela-
tionship between miRNAs in PCa and a Gleason score.
The Gleason scoring system constitutes an especially
important prognostic factor associated with the grow-
ing aggressiveness of neoplastic changes in the prostate.
The increased Gleason grade has been connected inter
alia with pathologic stage, tumor size, margin status,
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progression to metastatic form and patient survival [131].
Total Gleason score is one of the main factors involved in
making treatment decisions, together with pathological
stage and pre-PSA level [132].

In our meta-analysis we decided to compare the miR-
NAs importance in the set of “Gleason score above 6”
and in the set of “Gleason score above 7" Aberrant miR-
410-3p, miR-132, miR-212, miR-503 are separately the
most associated with total Gleason score>6 and abnor-
mal expression of miR-212, miR-203 and miR-573 are
individually the most associated with Gleason score>7
in PCa tissue. MiRNAs molecules most integrated with
both Gleason scores above 6 and 7 is miR-212. The
future implementation of diagnostic tests to capture the
variations in miRNAs expression among prostate cancer
patients limiting to Gleason score, suggests the oppor-
tunity of monitoring the patient’s condition and disease
progression at early cancer stage, excluding need to
resection of prostate gland or radiotherapy.

The miR-212 was found to be upregulated in pancreatic
ductal adenocarcinoma in comparison to the health tis-
sue. In the current study, it has been shown the positive
correlation between deregulation of miR-212 and TNM
stage, lymph node metastasis, vessel invasion, size of the
tumor and the overall survival time. Latest, it has been
found that in hypoxic conditions miR-212 aberration was
correlated with the hypoxia-inducible factor (HIF-1a)
in vivo and in vitro [133]. In turn, in cervical cancer tis-
sues and cell lines, miR-212 was found outstandingly
down regulated and promoted proliferation and invasion
of cancer cells. Using the Western blot tool the authors
have indicated that miR-212 upregulation notably
blocked the transcription factor 7-like 2 (TCF7L2) pro-
tein expression level [134].

Furthermore, miR-212 contributes in the miR-212/132
cluster in human lung cancer [135]. Interestingly, the cur-
rent study also showed an association between miR-132
level and Gleason score>6. Jiang et al. have suggested
that overexpression of miR-212/132 cluster remark-
ably blocks the growth and invasiveness of tumor cells
in A549 and H1299 lung cancer cell lines [135]. Addi-
tionally, miR-212/132 upregulation leads to activation
of cell cycle arrest at the G1/S phase transition via reg-
ulation of p21 and cyclin D1 expression [135]. Upregu-
lation of miR-132/212 has been found in drug resistant
breast tumors and cell lines. Moreover, the miR-132/212
has been shown responsible for regulation of drug accu-
mulation through blocking the PTEN expression levels
in vitro. Also, downregulation of PTEN has been found
inversely associated with miR-132/212 expression in drug
resistance breast cancers. Upregulation of miR-132/212
cluster was partially connected with transactivation via
the NF-KB transcription factor and this mechanism may
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have importance in acquisition of drug resistance [136].
Additionally, current statistical analysis showed that
another aforementioned miRNAs, miR-410-3p and miR-
503 was found to be in association with Gleason score
value >6, which demonstrates their potential prognostic
role at an early stage of prostate cancer development.

MiR-573 and miR-203 was found to be associated only
with Gleason score >7, therefore we consider that these
molecules exhibit a lower prognostic value for predict-
ing EMT. However, miR-573 and miR-203 can be used to
predict Gleason score ranges from 7 to above. Wang et al.
have investigated that upregulation of miR-573 may be
stabilized by miR-573 mimic, leading to inhibition of pro-
liferation and progression in melanoma cells [137]. On
the other hand, Wang and other authors have revealed
that downregulation of miR-573 in PCa is precisely asso-
ciated with the Gleason score and cancer-related mor-
tality (p=0.41). The latest study showed that miR-573
could regulate the activity and function of Fibroblast
growth factor receptor 1 (FGFR1) in response to fibro-
blast growth factor 2 (FGF2). Additionally, in the same
study, transcription factor GATA3 was indicated as an
enhancer of miR-573 expression, causing downregulation
of FGFR1, EMT and invasion of PCa cells [22].

MiR-203 has been found to be a tumor suppressing
miRNA in some cancers: hepatocellular cancer [138],
breast cancer [139, 140], esophageal cancer [141], leuke-
mia [142], glioma [143], bladder cancer [144], leading to
inhibition EMT by targeting various genes and downreg-
ulation of signal transduction pathways, thus is involved
in cancer progression (tumor proliferation and invasion).
However, its role in some cancers has been found dif-
ferent. MiR-203 can function as an oncogene in ovar-
ian cancer [145]. In SKOV3 and OVAR3 ovarian cancer
cell lines, high expression of miR-203 leads to restrain of
EMT process by linking to BIRC5 and causes its down-
regulation and attenuates the TGF-f signal transduction
pathway [92, 146]. Chen and Ding et al. have investi-
gated the effect of elevated miRNA expression on PC-3M
prostate cancer tumor cells behavior and they found
that downregulation of miR-203 was connected with
adriamycin (ADM) resistance, thus elevation of miR-203
repress tumor cells proliferation, enhance apoptosis and
reduce ADM resistance through influencing on MAPK
kinase 1 (MEK1) expression [147]. MEK]1 is responsible
for phosphorylation of the Tyr/Thr residue on ERK pro-
tein and leads to induction of ERK/MAPK transduction
pathway. In turn, excessive stimulation of ERK/MAPK
pathway intensifies progression of tumor cells [147].

Finally, we analyzed the association between miR-
NAs and the pT stage of PCa. The process of deter-
mining tumor stages among prostate cancer patients
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relies on evaluation of probability of tumor spread
before including the individual treatment [148]. The
increased expression of both miR-410-3p and miR-543
as the same as decreased expression of miR-503 have a
significant relationship with rising probability of tumor
extending and higher T stage at the time of diagnosis.
Our results may be useful for prediction of prostate
cancer progression at an early stage. Forasmuch as
further research is needed in the prostate cancer pro-
gression area, it is important to be prudent in devis-
ing far-reaching conclusions. However, it was noticed
that progression to a higher pT stage is associated with
the aberration of 3 miRNA levels: miR-410-3p, miR-
543 and miR-503 involved in invading surrounding
tissues and metastasizing. Du et al. at their study on
CRC, using gene chip technology grouped inter alia
by stage, have proven that microRNA expression pro-
files were significantly different at various CRC stages,
thereby confirming that miRNAs are engaged in a can-
cer development and in particularly are significant at
early diagnosis or cancer prognosis [149]. Conclud-
ing, the probability of cancer progression to its meta-
static stage can be assessed at an early stage of tumor
development. MiR-410-3p play a different role in vari-
ous cancers. Zhang et al. have noticed that increased
expression of miR-410-3p repress proliferation and
invasion process in the breast cancer cells [150]. These
authors also displayed that transcription factor Snail is
a direct target of miR-410-3p and in this way miR-410-
3-p inhibits an EMT process. MiR-410-3p has been
demonstrated to inhibit the invasion and migration
of rhabdomyosarcoma cells through inhibiting EMT
[151]. Wang and other authors suggested that miR-410
function in CRC may be connected to negative regula-
tion of DKK-1 through Wnt/B-catenin pathway [152].
MiR-410-3p plays a significant role as an oncogene in
PCa via PTEN/PI3K/AKT pathway. Downregulation of
miR-410-3p leads to an activation of PTEN, which is a
crucial modulator of the PI3K/AKT signaling pathway
[21]. Similarly, the role of miR-543 in tumor progres-
sion and metastasis were confirmed in many earlier
publications [52, 153, 154]. It has been also reported
that miR-543 shows outstanding overexpression in
the metastatic PCa cell lines compared to the normal
cells. Additionally, Raf kinase inhibitor protein (RKIP)
was found to be a direct target of miR-543. Upregula-
tion of miR-543 leads to decrease in expression level
of RKIP and promotes proliferation and metastasis
in PCa cells. [30]. Previous studies have revealed that
described molecules are undeniably involved in initia-
tion EMT transition, therefore they are ideal candi-
dates for metastasis risk prediction.
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Diagnostic, prognostic and therapeutic aspect of analyzed

miRNAs

The revolution in the diagnosis of prostate diseases was
measuring PSA level in blood samples, however it is
questionable due to the lack of association between PSA
level and prostate cancer stage, which may result in over-
diagnosis and overtreatment. Currently, many scholars
put immense effort into identifying new biomarkers to
improve the diagnosis and prognosis accuracy of PCa
entities. Previous studies have indicated that specific
miRNA profiles were able to distinguish cancerous and
non-cancerous tissues [155], incoming the potentiality of
miRNAs in early cancer detection, prognosis and moni-
toring of treatment response.

Tissue biopsies represent a gold standard in prostate
cancer patients’ diagnosis. Nevertheless, tissue sam-
pling technique is susceptible to misdiagnosis, whereas
a negative outcome cannot completely exclude presence
of cancer foci. Hence, the researchers are looking for a
better diagnostic tool. miRNA molecules have multi-
ple advantages in diagnostic or treatment approach, for
example, RNA has a higher specificity and its expression
alterations are characteristic for individual disease. The
expression of miRNA in cancer cells is a process during
which can be observed changes that appear over disease
development. Additionally, in comparison of tissue-based
miRNAs with detection of miRs in bodily fluids, the sec-
ond one mentioned can be associated with many factors,
such as age, diet or circadian rhythms [156]. miRs are less
subjected to degradation due to their small size. Addi-
tionally, miRs possess great stability during FFPE tis-
sue processing since they are encapsulated in exosomes
[156].

Current research state constitutes that non-coding
RNA, such as miRNAs, has great potential for PCa diag-
nosis. An individual gene can be targeted by various
miRNAs, which accelerate atypical cell growth and pro-
voke cell death [157]. Furthermore, miRNAs can man-
age cancer-related processes, such as EMT or metastasis.
MiRNAs can be measured both by tissue-based biopsy
or in various bodily fluids [158]. Aghdam and colleagues
indicated that tissue miRNAs are appropriate for diagno-
sis and staging of malignancies as well as minimize the
necessity for numerous biopsies to determine the appro-
priate diagnosis [158]. Even if the miRNA detection on
tissue-based biopsies shows multiple benefits for prostate
cancer patients, it is not yet applied in present clinical
practice.

Certain miRNA molecules described in current meta-
analysis have been studied previously for diagnostic and
prognostic potential in prostate cancer patients. MiR-
141 in association with miR-151-3p and miR-16 was
found to have a sensitivity of 84% and a specificity of
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96% regarding mCRPCa detection from liquid samples
[159]. Agaoglu and colleagues presented that circulating
miR-141 in compilation with miR-21 and miR-221 have
potential to differentiate PCa patients in metastatic stage
from those with local advance stage [160]. Other authors
have shown that the combination of miR-141-3p with
miR-21 and miR-375 presented a sensitivity of 93% and
a specificity of 63% during prediction of PCa in serum
samples [161]. MiR-141 is a widely researched molecule
in various cancers, useful at each stage of diagnosis and
prognosis for prostate cancer patients.

Also miR-301a was found to be a valuable diagnostic
and prognostic biomarker for prostate cancer disease.
The study performed on 28 prostate cancer patients and
13 controls as well as 40 radical prostatectomy cases indi-
cate the possible correlation between miR-301a detected
in serum and Gleason score [162].

MicroRNAs are validated as necessary tools in design-
ing biomarker panels for identification prostate malig-
nancies primarily in early but also advanced stages.
Regulation of aberrant miRNA expression will repress
the targets responsible for progression to higher pros-
tate stage. Presently, TNM staging along with Gleason
score and pretreatment PSA levels are utilized to predict
the outcome for prostate cancer patients. The micro-
RNA analytes in current meta-analysis have potential for
higher accurate prostate cancer staging and developing
therapy schemes. Additional advantage for miRNA diag-
nostic value in prostate cancer is the fact that miRs are
situated at fragile chromosomal sites corresponding with
tumor hotspots [12].

The role of miRNAs in prostate malignancies is not
only limited to diagnosis or prediction and progno-
sis. MiRNA molecules can also function as targets or
therapeutic agents. MiRNA molecules can regulate
multiple target genes, therefore alterated expression con-
stitutes a potential therapeutic value for the balance of
gene expression [163]. Aside from direct application
of miRNA as a valuable therapeutic option, miRNAs
can facilitate selection of the best individual treatment
scheme and predict response to a personal therapy [158].
The individual patients’ response to a treatment applica-
tion, such as radical prostatectomy, radiotherapy, testos-
terone suppression and hormone therapy, chemotherapy
and immunotherapy is different [158, 164]. Intriguingly,
miRNA can be applied as adjuvants acting as an enhancer
of tumor sensitivity to therapy [158].

Zedan and other authors have investigated the relation-
ship between circulating miR-141 and miR-375 and treat-
ment outcome in metastatic castration resistant prostate
cancer (mCRCP), where 40 patients were treated with
docetaxel and 44 with abiraterone [165]. The results of
the mentioned study showed prognostic importance of
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miR-141 and miR-375 in treatment response monitor-
ing among mCRPC patients. Intriguingly, Gonzales and
colleagues noticed a strong correlation between miR-141
levels and chemotherapy response in patients with con-
firmed metastatic stage of prostate cancer. Furthermore,
they proved that multivariate panel of directional altera-
tions in PSA, circulating tumor cells (CTCs) and miR-
141 had higher sensitivity of 78.9% in clinical outcome
prediction [166]. Saini and other authors have studied
miR-203 in advanced metastatic prostate cancer and
revealed that miR-203 may act as an “antimetastatic”
miRNA at numerous steps in the metastatic process by
repression of prometastatic targets. Hence, miR-203 has
been recognized as an attractive target for patient ther-
apy in advanced prostate disease [27]. The prognostic
value of miR-141 and miR-409-3p was demonstrated by
Nguyen and other authors, investigating the differential
expression of 669 miRNA prostate cancer serum. They
confirmed that miR-141, miR-375 and miR-378 increase-
depend manner with progression to higher prostate
cancer stage, while miR-409-3p was marked to be overex-
pressed in high-risk group compared to low-risk group,
but significantly reduced in the metastatic CRPC, which
probably was associated with the androgen deprivation
therapy [167]. Watahiki and colleagues proposed miRNA
panel, including miR-141, miR-152 and miR-423-3p sig-
nificantly deregulated in metastatic CRPC compared
to localized PCa emerged from 742 miRNAs studied in
plasma samples, demonstrating AUC of 0.944. Addition-
ally, the researchers confirmed that miR-141 together
with miR-151-3p, miR-152 and miR-423-3p was linked
with poor outcome and higher Gleason score. Further-
more, miR-141 and miR-152 was able to detect a high
probability of recurrence among patients after radical
prostatectomy [159]. In contrast to serum-based miRNA
studies, Porkka et al. have profiled 319 miRNA molecules
in nine PCa and compared to them four BPH tissues,
shown inter alia miR-210 together with other 7 miR-
NAs up regulated and 22 miRNAs down regulated [168].
Interestingly, Srivastava et al. have shown 30 miRNAs,
including miR-210 and miR-212 down regulated and
three up regulated in 40 FFPE tissue specimen blocks,
comparing PCa tissues to adjacent normal tissue [169].
Clinical relevance of miRNA molecules constitutes the
basis to widespread research in the therapeutic context.
Therefore, investigators are underway to explore systems
balancing miRNA expression levels, onco-miRNA antag-
onizing and TS-miRNA replacement systems. Modified
anti-miRNA  systems (microRNA mimetics—miRNA-
mimic) can imitate or inhibit cellular miRNA functions to
silence complex signal transduction pathways and control
multiple physiologic functions [170]. Currently, miRNAs-
based therapeutic approach constitutes a high-potential
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weapon to treat such heterogeneous disease, in terms of
molecular abnormalities, pathologic tumor growth pat-
terns and patients outcomes [171] as prostate cancer.
Currently, miRNAs are a part of multiple clinical tri-
als exploring genomic signatures to solve a problem with
patients’ selection and recognize companion biomark-
ers for conventional therapeutic approach. One of the
prostate cancer clinical trial is interventional study for
50 patients with low-risk prostate cancer [tumor stage
¢T1-2a ¢NO ¢cMO and Gleason Score of index lesion <6
(34 3)] to investigate the feasibility and toxicity of focal
brachytherapy. A secondary outcome for this phase Il
clinical trial was to verify the correlation level of miR-
141 and miR-375 expressions with visible efficacy of
radiation intervention (ClinicalTrials.gov Identifier:
NCT02391051). Previously, miR-141 together with
miR-21 and miR-221 have been studied in the plasma
of 51 prostate cancer patients with locally advanced and
metastatic prostate cancer, where miR-21 was related to
malignancy state and miR-141 was found to be capable
of distinction localized and metastatic stage of prostate
cancer [160]. Another one pre-clinical study of 667 sam-
ples of serum obtained from prostate cancer patients
recognized miR-141 and miR-375 as molecules strongly
involved in disease progression and were considered as
non-invasive blood-based circulating biomarkers for
prostate cancer progression [172]. More precisely, Brase
and colleagues noticed that overexpression of miR-
141, miR-200b and miR-375 in prostate cancer patients
serum was associated with higher tumor stage and Glea-
son score [172]. Cheng et al. have analyzed panel of 365
miRNAs in prostate cancer serum and emerged miR-
141, miR-200a, miR-200¢, miR-375 and miR-210 mol-
ecules, which was significantly expressed in metastatic
CRPC patients compared to age-matched healthy con-
trols as well as in lymph metastasis samples [173]. In
another study, Kelly et al. demonstrated a normalization
in miR-141 expression in prostate cancer patients who
underwent a radical retropubic-prostatectomy 10 days
post-operation [174, 175]. Hao et al. have found miR-141
and miR-21 twofold up regulated, while miR-10, -16, -34c
and -125b down regulated in FFPE tissue compared to
BPH specimens [176]. Additionally, association of PSA
level with miR-141 and miR-21 expressions enhanced the
positive predictive value from 40 to 87.5% [177].
Improvement in survival rate for prostate cancer
patients follows from the advances in first line treatment
approach like surgery, radiation and antagonists to the
androgen signaling axis [156]. However, the metastatic
stage of prostate cancer has no treatment opportunities
due to the resistance to androgen antagonists. In turn,
FDA was approved taxane-based therapy to provide
patients three months-longer overall survival [178, 179].
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Another interventional study concern 211 prostate can-
cer patients at newly diagnosed metastatic stage (stage
IV) (ClinicalTrials.gov Identifier: NCT01120236), were
as a secondary outcome was measured correlation level
between miR-141, miR-210, miR-200b and miR-375 as
well as PSA level and circulating tumor cells (CTC). In
this phase II randomized trial prostate cancer patients
were treated with bicalutamide, goserelin, or leuprolide
acetate in combination with cixutumumab or without
cixutumumab. Another one observational cohort trial
has recruiting status and attempts to identify the role of
exosomal microRNA and define microRNA expression
profiles to predict the aggressiveness of PCa in urine
(ClinicalTrials.gov Identifier: NCT03911999).

Conclusion

PCa is one of the commonest malignancies in Western
countries. The GLOBOCAN STATISTICS 2018 indi-
cates at 7.1% of all new cancer incidence worldwide in
2018 year (for both sexes) [180]. MiRNA molecules offer
new possibilities for diagnostic and systemic therapeutic
approaches. They can attenuate or obstruct multiple net-
works involved in the tumor microenvironment, not only
single transduction pathway [181]. Furthermore, miR-
NAs can be a more effective weapon against tumors as
they are secreted from malignant cells and their anoma-
lies in expression levels are associated with progression
of prostate diseases.

We consider that the higher prognosis value is pre-
sented by sub-analysis associating miRNAs expression
and GS> 6, showing association with miR-410-3p which
was also connected with the presence of general metas-
tasis and the pT stage, miR-503 with significance in gen-
eral or lymph node metastasis and pT stage and miR-132
connected to general metastasis and distant metasta-
sis. Mentioned miRNAs molecules could be used as a
miRNA panel to determine the progression risk at early
stages of the disease. Our findings present future poten-
tial therapeutic options to treat men with PCa and could
provide better post-treatment care. The above mentioned
experiments strongly indicated that miRNAs expression
modification utilizing miRNA mimics or antagomirs can
harmonize gene regulatory circuits and signal transduc-
tion pathways. Also, such activities may stop the aggres-
sive status of tumors and reverse the cancerous status of
cells.

Abbreviations

PCa: Prostate cancer; EMT: Epithelial-mesenchymal transition; miRNAs: MicroR-
NAs; mRNAs: Messenger RNAs; Onc: Oncomirs; FFPE: Formalin-fixed paraffin
embedded tissue; TNM: TNM Classification of Malignant Tumor System; GS:
Gleason score; HRs: Hazard ratios; RRs: Relative risks; Cls: Confidence intervals;
1 Inconsistency index; NOS: Newcastle-Ottawa Scale; RT-PCR; Real time
polymerase chain reaction; pT stage: Pathologic tumor stage; TRAF5: Tumor

Page 20 of 24

necrosis factor receptor-associated factor 5; CRC: Colorectal cancer; MAPK:
MAP kinase; GC: Gastric cancer; HIF-1a: Hypoxia-inducible factor; PTEN: Phos-
phatase and tensin homoelog deleted on chromosome ten; FGF2: Fibreblast
growth factor 2; MEK1: MAPK kinase 1; RKIP: Raf kinase inhiblitor protein.

Acknowledgements

The authors would like to thank their colleagues Joanna Ligmanowska for
her assistance during tables creation and Michal Wlodarski for his valuable
commentaries during the manuscript revision and support in language cor-
rections of the manuscript.

Authors’ contributions

This paper was planned by MP, and she is responsible for the overall concep-
tion of the work; collecting information, data extraction process, methodology
and initial drafting of the manuscript. AG were responsible for statistical elabo-
ration. MP and AG were respansible for creating tables with important data

as well as the graphic layout. MP and AG contributed critical revisions of the
manuscript for the intellectual content, edited the manuscript and made the
necessary language carrections. MB and DG supervised the work. All authors
read and approved the final manuscript.

Funding
The authors received no specific funding for this work.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 13 July 2020 Accepted: 27 November 2020
Published online: 07 January 2021

References
1. Rawla P. Epidemiology of prostate cancer. Pathol Epidemiol Cancer.
2019;,10(2):107-25.
2. American Cancer Soclety. Facts & figures 2019. Atlanta: American
Cancer Soclety; 2019,
3. National Cancer Institute. Cancer stat facts: cancer of any site. Bethesda:
National Cancer Institute; 2018
4. Petrovich Z, Baert L, Bagshaw MA, Brady LW, Elgamal A, Goethuys H,
et al. Adenocarcinoma of the prostate; Innovations in management.
Am J Clin Oncol Cancer Clin Trials. 1997,20:111-9.
5. Schulman KL, Kohles J. Economic burden of metastatic bone disease in
the U.S. Cancer. 2007;109:2334-42
6. Weiner AB, Matulewicz RS, Eggener SE, Schaeffer EM. Increasing inci-
dence of metastatic prostate cancer in the United States (2004-2013).
Prostate Cancer Prostatic Dis. 2016;19:395-7.
7. Fdler ). The pathogenasis of cancer metastasis: the "seed and soil”
hypothesis revisited. Nat Rev Cancer. 2003;3:453-8.
8. Thiery JF Epithelial-mesenchymal transitions in tumour progression
Nat Rev Cancer, 2002;2:442-54.
9. Zaravinos A.The regulatory role of MicroRNAs in EMT and cancer. J
Oncol. 2015;2015:865816
10, Thiery JF, Sleeman JP. Complex netwaorks orchestrate epithellal-mesen-
chymal transitions. Nat Rev Mol Cell Biol. 2006;7:131-42.
11, Kalluri R, Weinberg RA, The basics of epithelial-mesenchymal transition
Journal of Clinical Investigation. 2009;119:1420-8
12, Caiin GA, Croce CM. MicroRNA signatures in human cancers. Nat Rev
Cancer. 2006,6:857-66
13, Esquela-Kerscher A, Slack FJ. Oncomirs—MicroRNAs with a role in
cancer, Nat Rev Cancer. 2006,6:259-69.

45



Parol et al. J Trans] Med

4.
15,

20.

21

22,

23;

24,

25.

26.

27.

28.

29

30.

3L

32,

33

35.

37.

(2021) 19:28

Lopez-Camarillo C, Marchat LA. MicroRNAs in cancer; 2013. p. 1-426,
Shrestha S, Da HS, Huang WY, Huang HY, Chen W, Weng SL. et al. A
systematic review of microRNA expression profiling studies in human
gastric cancer. Cancer Med. 2014,3:878-88.

Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, et al,
MicroRNA expression profiles classify human cancers. Nature.
2005:435:834-8,

Dang TM, Wong WC, Ong SM, Li B Lum J, Chen J, et al. MicroRNA
expression profiling of human blood monocyte subsets highlights
functional differences. Immunology. 2015;145:404-16.

. Chen X, Ba Y, Ma L, Cai X, YinY, Wang K et al. Characterization of micro-

RNAs in serum: a novel class of biomarkers for diagnosis of cancer and
other diseases. Cell Res. 2008,18:997-1006.

. Zaravinos A, Lambrou GI, Mourmouras N, Katafygiotis P, Papagregoriou

G, Glannikou K, et al. New miRNA profiles accurately distinguish renal
cell carcinomas and upper tract urothelial carcinomas from the normal
kidney. PLoS ONE. 2014,9:¢91646.

Wells GA, Shea B, O'connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domised studies in meta-analyses. Ottawa Hosp Res Inst; 2014 htip://
www.chrica/programs/clinical_epidemiology/oxford.asp. Accessed 13
Aug 2014,

Zhang Y, Zhang D, Lv J, Wang S, Zhang Q. miR-410-3p promotes
prostate cancer progression via requlating PTEN/AKT/mTOR signaling
pathway. Biochem Biophys Res Commun. 2018;503:2459-65.

Wang L, Song G, Tan W, Qi M, Zhang L, Chan J, et al. miR-573 inhibits
prostate cancer metastasis by regulating epithelial-mesenchymal
transition. Oncotarget. 2015;6:35978-90

Bucay N, Bhagirath D, Sekhon K, Yang T, Fukuhara S, Majid S, et al. A
novel microRNA regulatar of prostate cancer epithelial-mesenchymal
transition. Cell Death Differ. 2017;24:1263-74.

Nam RK, Benatar T, Wallis CJD, Amemiya Y, Yang W, Garbens A, et al.
MIiR-301a regulates E-cadherin expression and is predictive of prostate
cancer recurrence. Prostate. 2016;76:869-84.

Colden M, Dar AA, Saini S, Dahiya PY, Shahryari V, Yamamura S, et al.
MicroRNA-466 inhibits tumor growth and bone metastasis in prostate
cancer by direct regulation of esteogenic transcription factor RUNX2,
Cell Death Dis. 2017,8:22572.

Jiang X, Chen Y, Du E, Yang K, Zhang Z, Qi S, et al. GATA3-driven expres-
sion of miR-503 inhibits prostate cancer pragression by repressing
ZNF217 expression. Cell Signal. 2016;28:1216-24.

Saini'5, Majid S, Yamamura 5, Tabatabai L, Suh SO, Shahryari V, et al.
Regulatory role of mir-203 in prostate cancer progression and metasta-
sis. Clin Cancer Res. 2011;1 7:5287-98.

Ren D, Yang Q, Dai Y, Guo W, Du H, Song L, et al. Oncogenic miR-210-3p
promotes prostate cancer cell EMT and bone metastasis via NF-KB
signaling pathway. Mol Cancer. 2017;16:117.

Wang D, Lu G, Shaa Y, Xu . microRNA-802 inhibits epithelial-mes-
enchymal transition through targeting flotillin-2 in human prostate
cancer. Biosci Rep. 2017,37:BSR2016021.

Du, Liu XH, Zhu HC, Wang L, Ning JZ, Xiao CC. MiR-543 promotes
proliferation and epithelial-mesenchymal transition in prostate cancer
via targeting RKIP. Cell Physiol Biochem. 2017;41:1135-46.

FuW, Tao T, Qi M, Wang L, Hu J, Li X, et al. MicroRNA-132/212 upregula-
tion Inhibits TGF-B-mediated epithelial-mesenchymal transition of
prostate cancer cells by targeting SOX4. Prostate. 2016;76(16):1560-70.
Josson S, Gururajan M, Hu B, Shao €, Chu GCY, Zhau HE, et al, miR-
409-3p/-5p promotes tumorigenesis, epithelial-to-mesenchymal
transition, and bone metastasis of human prostate cancer. Clin Cancer
Res. 201420463646,

Huang S, Wa Q Pan J, Peng X, Ren D, Huang Y, et al. Downrequlation of
miR-141-3p promotes bone metastasis via activating NF-kB signaling in
prostate cancer. J Exp Clin Cancer Res. 2017;36:173.

Bartel DP. MicroRNAs: target recognition and regulatory functions. Cell,
2009;136:215-33.

Guamien DJ, Dileone Rl MicroRNAs: a new class of gene regulators.
Ann Med. 2008:40:197-208,

Huang ¥, Shen XJ, Zou Q Wang SP, Tang SM, Zhang GZ. Biological func-
tions of microRNAs: A review. J Physiol Biochem. 201167:129-39.
Manikandan M, Deva Magendhra Raa AK, Arunkumar G, Manick-
avasagam M, Rajkumar K5, Rajaraman R, et al. Oral sguamous cell

38

39,

40.

4,

42,

43,

45,

46,

47,

48,

49,

50.

S35

52.

53.

54.

55,

56.

57.

58.

46

Page 21 of 24

carcinoma: MicroRNA expression profiling and integrative analyses for
elucidation of tumourigenesis mechanism. Mol Cancer. 2016;15:28.
Jiang W, Tian Y, Jiang S, Liu S, Zhao X, Tian D. MicroRNA-376¢ suppresses
non-small-cell lung cancer cell growth and invasion by targeting LRH-
1-mediated Wnt signaling pathway. Biochem Biophys Res Commun.
2016,473:980-6.

Wang RJ, Li W, Bao BH, Wu HC, Du ZH, Su JL, et al. MicroRNA-873
(MIRNA-873) inhibits glioblastoma tumorigenesis and metastasis by
suppressing the expression of IGF2BP1. J Biol Chem. 2015;290:8938-48.
Renjie W, Haigian L. MiR-132, miR-15a and miR-16 synergistically inhibit
pituitary tumor cell proliferation, invasion and migration by targeting
Sox5. Cancer Lett. 2015;356:568-78.

Bucay N, Sekhon K, Majid S, Yamamura 5, Shahryari V, Tabatabai ZL, et al.
Novel tumar suppressor microRNA at frequently deleted chromosomal
region 8p21 regulates epidermal growth factor receptor in prostate
cancer. Oncotarget. 2016;7:70388-403.

Lu M, Wang T, He M, Cheng W, Yan T, Huang Z, et al, Tumor sup-
pressar role of miR-3622b-5p in ERBB2-positive cancer. Oncotarget.
2017,8:23008-19.

Fu S, Luan T, Jiang €, Huang Y, Li N, Wang H, et al. miR-3622a promotes
proliferation and invasion of bladder cancer cells by downregulating
LASS2. Gene. 2019;701:23-31,

Chang S, Sun G, Zhang D, Li Q, Qian H. MiR-3622a-3p acts as a tumor
suppressor in colorectal cancer by reducing stemness features and
EMT through targeting spalt-like transcription factor 4. Cell Death Dis.
2020;11:592.

Onodera Y, Mikl Y, Suzuki T, Takagi K, Akahira JI, Sakyu T, et al. Runx2

in human breast carcinoma: Its potential roles in cancer progression,
Cancer Sci. 2010;,101:2670-5.

Tong F Ying Y, Pan H, Zhao W, Li H, Zhan X. Microrna-466 (Mir-466) func-
tions as a tumor suppressor and prognostic factor in colorectal cancer
(CRC). Bosn J Basic Med Sci. 2018;18:252-9,

Sun J, Zhou J, Dong M, Sheng W, Dystegulation of MicroRNA-543
expression In colorectal cancer promotes tumor migration and Inva-
sion. Mol Carcinog. 2017;56:250-7.

Yul, Zhoul, Cheng Y, Sun L, Fan J, Liang J, et al. MicroBNA-543 acts as
an oncogene by targeting PAQR3 in hepatocellular carcinoma. Am J
Cancer Res. 2014;4:897-906.

LiJ, Dong G, Wang B, Gao W, Yang Q. MiR-543 promotes gastric cancer
cell proliferation by targeting SIRT1. Biochem Biophys Res Cammun.
2016469:15-21.

Bi M, Chen W, Yu H, Wang J, Ding F, Tang DJ, et al. miR-543 is up-reg-
ulated in gefitinib-resistant non-small cell lung cancer and promotes
cell proliferation and invasion via phosphatase and tensin hamolog.
Blochem Biophys Res Commun, 2016;480:369-74,

Liu G, Zhou JR, Dong M. Down-regulation of miR-543 expression
increases the sensitivity of colorectal cancer cefls to 5-Fluorouracil
through the PTEN/PI3K/AKT pathway. Bioscl Rep. 2019;39:BSR20190249.
Xu L, Yu J,Wang Z, Zhu Q Wang W, Lan Q. MiR-543 functions as a tumaor
suppressar in glioma in vitro and in vivo. Oncol Rep. 2017;38:725-34.

Li B, Chen H, Shang LX, Gao W. MicroRNA-543 suppresses endometrial
cancer oncogenicity via targeting FAK and TWIST1 expression. Arch
Gynecol Obstet 2014;290:533-41

Zhao I, Zhang L, Guo X, Wang JH, Zhou W, Liu M, et al. MiR-212/132
downregulates SMAD2 expression to suppress the G1/S phase transi-
tion of the cell cycle and the epithelial to mesenchymal transition in
cervical cancer cells, [UBMB Life. 2015,67:380-94

Lei CJ, Li L, Gao X, Zhang J, Pan QY, Long HC, et al. Hsa-miR-132 inhibits
proliferation of hepatic carcinoma cells by targeting YAP. Cell Biochem
Funct 2015;33:326-33,

You J,LiY, Fang N, Liu B, Zu L, Chang R, et al. MiR-132 suppresses the
migration and invasion of lung cancer cells via targeting the EMT
regulator ZEB2. PLoS ONE. 2014,2:¢91827.

Zhana B, Lu L, Zhang X, Ye W, Wu J, Xi Q et al. Hsa-miR-132 regulates
apoptosis in non-small cell lung cancer independent of acetylcho-
linesterase. | Mol Neurosci, 2014;53:335-44.

Liu K, Li X, Cao'Y, Ge Y, Wang J, Shi B. MIR-132 inhibits cell prolifera-

tion, Invasion and migration of hepatocellular carcinoma by targeting
PIK3R3. Int ] Oncol. 2015;47:1585-93.



Parol et al. J Trans| Med

59.

61,

62,

63.

65.

67.

69,

70.

Zh

72,

73.

74,

75.

76.

77,

78.

79.

81,

(2021) 19:28

Wanet A, Tacheny A, Amould T, Renard P. MiR-212/132 expression and
functions: Within and beyond the neuronal compartment. Nucleic
Acids Res, 2012;40:4742-53,

Medina PP, Slack F). microRNAs and cancer: an overview. Cell Cycle.
2008,7:2485-92,

Chen JQ, Qu YL, Huang ZP, Hong YG, Tao YP, Wang ZG, et al. MicroRNA-
212-3p inhibits the proliferation and invasion of human hepatocellular
carcinoma cells by suppressing CTGF expression. Sci Rep. 2019,9:9820.
Lv ZD, Yang DX, Liu XP, Jin LY, Wang XG, Yang ZC, et al. MiR-212-5p sup-
presses the epithelial-mesenchymal transition in triple-negative breast
cancer by targeting Prrx2. Cell Physiol Biochem. 2018;44:1785-95.

Tili E, Michaille ), Piurowsski V, Rigot 8, Croce CM. MicroRNAs in
Intestinal barrier function, inflammatary bowel disease and related
cancers—their effects and therapeutic potentials. Curr Opin Pharmacol.
2017;37:142-50.

Bracken CP, Gregory PA, Kolesnikaff N, Bert AG, Wang J, Shannon MF,
et al. A double-negative feedback loop between ZEB1-5IP1 and the
microRNA-200 family regulates epithelial-mesenchymal transition.
Cancer Res. 2008,68:7846-54.

GaoY, Feng B, Han 5, Zhang K, Chen J, Li G, et al. The roles of Micro-
RNA-141 In human cancers: from diagnosis to treatment. Cell Physiol
Biochem. 2016;38:427-48.

Fang M, Huang W, Wu X, Gaa Y, Ou J, Zhang X, et al. MiR-141-3p Sup-
presses tumor growth and metastasis in papillary thyroid cancer via
targeting Yin Yang |, Anat Rec. 2019;302:258-68.

Zhou Y, Zhong JH, Gong FS, Xiao J. MiR-141-3p suppresses gastric can-
cer induced transition of normal fibroblast and BMSC to cancer-associ-
ated fibroblasts via targeting STAT4. Exp Mol Pathal. 2019,107:85-94.
LIW, CulY, Wang D, Wang Y, Wang L. MiR-141-3p functions as a tumor
suppressor through directly targeting ZFR in non-small cell lung cancer.
Biochem Biophys Res Commun. 2019,509(3)647-56.

LiuCZ,Ye ZH, Ma J, He RQ, Liang HW, Peng ZG, et al. A gRT-PCR and
gene functional enrichment study focused on downregulation of
miR-141-3p in hepatocellular carcinoma and its clinicopathological
significance. Technol Cancer Res Treat. 2017;16:835-49.

Hui L, Bakiri L, Mairhorfer A, Schweifer N, Haslinger C, Kenner L, etal.
p3Ba suppresses normal and cancer cell proliferation by antagonizing
the JNK-c-Jun pathway. Nat Genet, 2007;39:741-9.

Long J, Ou C, Xia H, Zhu Y, Liu D. MiR-503 inhibited cell proliferation of
human breast cancer cells by suppressing CCND1 expression. Tumor
Biol. 2015;36:8697-702.

Zhou B, MaR, SiW,Li S, XuY,Tu X, et al. MicroRNA-503 targets FGF2
and VEGFA and Inhibits tumor angiogenesis and growth. Cancer Lett.
2013;333;159-69.

Peng Y, Liu YM, Li LC, Wang LL, Wu XL. MicroRNA-503 inhibits gastric
cancer cell growth and epithellal-to-mesanchymal transition. Oncol
Lett. 2014;7:1233-8.

Guo J, Liu X, Wang M. MiR-503 suppresses tumer cell proliferation and
metastasis by directly targeting RNF31 In prostate cancer, Biochem
Biophys Res Commun. 2015:464:1302-8

Yin ZL, Wang YL, Ge SF, Guo TT, Wang L, Zheng XM, et al. Reduced
expression of miR-503 is associated with poor prognasis in cervical
cancer. Eur Rev Med Pharmacol Sci. 2015;19:4081-5.

Li B, Liu L, Li X, Wu L MiR-503 suppresses metastasis of hepatocellular
carcinoma cell by targeting PRMT1. Biochem Biophys Res Commun.,
2015464.982-7.

Chang SW, Yue J, Wang BC, Zhang XL. MIR-503 inhibits cell proliferation
and Induces apoptosis In colorectal cancer cells by targeting E2F3. Int J
Clin Exp Pathol. 2015,8:12853-6D.

Xu X,Chen H, LinY, Hu Z, Mao Y, Wu J, et al. Microrna-409-3p inhibits
migration and invasion of bladder cancer cells via targeting c-met. Mol
Cells. 2013;3652-8.

Li €, Nie H, Wang M, Su L, LiJ, Yu B, et al. MicroRNA-409-3p regulates cell
proliferation and apoptaosis by targeting PHF10 in gastric cancer. Cancer
Lett 2012;320:189-97,

Weng C, Dong H, Chen G, Zhai, Bal R, Hu H, et al. MiR-409-3p inhibits
HT1080 cell proliferation, vascularization and metastasis by targeting
angiogenin. Cancer Lett. 2012,323:171-9.

Josson 5, Gururajan M, Sung SY, Hu P, Shao C, Zhau HE, et al. Stromal
fibroblast-derived miR-409 promotes epithelial-to-mesenchymal transi-
tion and prostate tumorigenesis. Oncogene. 2015;34:2690-9,

82,

a3.

85.

86.

87.

88,

89,

90.

91,

92,

93;

94,

95.

96.

97.

98.

99.

100.

101.

102,

103,

47

Page 22 of 24

Zheng JZ, Huang YN, Yao L, Liu YR, Liu S, Hu X, et al. Elevated miR-301a
expression indicates a poor prognosis for breast cancer patients. Sci
Rep.2018;8:2225.

Li X, Zhong M, Wang J, Wang L, Lin Z, Cao Z, et al. MiR-301a promotes
lung tumerigenesis by suppressing Runx3. Mol Cancer. 2019;18:99.
Zhang K-D, Hu B, Cen G, Yang Y-H, Chen W-W, Guo Z-Y, et al. MiR-3012
transcriptionally activated by HIF-2a promates hypoxia-induced epithe-
lial-mesenchymal transition by targeting TP63 in pancreatic cancer.
World ) Gastroenterol. 2020,26:2349-73.

Wang W, Qu A, Liu W, Liu Y, Zheng G, Du L, etal. Circulating miR-210

as a diagnostic and prognostic biomarker for colorectal cancer, Eur J
Cancer Care (Engl). 2017,26:212448,

Qin O, Wei F, Li B. Multiple functions of hypoxia-regulated miR-210 in
cancer. J Exp Clin Cancer Res. 2014;33:50,

Wang J, Zhao J, Shi M, Ding Y, Sun H, Yuan F, et al. Elevated expression of
miR-210 predicts poor survival of cancer patients: a systematic review
and meta-analysis. PLoS ONE. 2014;9€89223.

Bavelloni A, Ramazzotti G, Poli A, Piazzi M, Focaccia E, Blalock W, et al.
Mirna-210: a current overview. Anticancer Res. 2017:37:6511-21,

Jung KO, Youn H, Lee CH, Kang KW, Chung JK. Visualization of exosome-
mediated miR-210 ransfer from hypoxic tumor cells. Oncotarget.
2017;8:9899-210.

Viticchié G, Lena AM, Latina A, Formasa A, Gregersen LH, Lund AH,

et al. MiR-203 controls proliferation, migration and invasive potential of
prostate cancer cell lines. Cell Cycle, 2011;10:1121-31.

Boll K, Reiche K, Kasack K, Mérbt N, Kretzschmar AK, Tomm JM,

etal. MiR-130a, miR-203 and miR-205 jointly repress key oncogenic
pathways and are downregulated in prostate carcinoma. Oncogene.
2013,32:277-8.

Wang B, Li X, Zhao G, Yan H, Dong P, Watari H, et al. miR-203 inhibits
ovarian tumor metastasis by targeting BIRCS and attenuating the TGFR
pathway. ] Exp Clin Cancer Res, 2018,37:235.

Ting W, Feng C, Zhang M, Long F, Bai M. Overexpression of micro-
RNA-203 suppresses proliferation, invasion, and migration while
accelerating apoptosis of CSCC cell line SCL-1. Mol Ther Nucleic Acids.
2020,21:428-40.

Hu YW, Chen ZP, Hu XM, Zhao JY, Huang JL, Ma X, et al. The miR-573/
apoM/Bcl2A1-dependent signal transduction pathway is essential

for hepatocyte apoptosis and hepatocarcinogenesls. Apoptosis.
2015,20:1321-37.

Danza K, De 55, Pinto R, Pilato B, Palumbao O, Merla G, et al. MiR-578 and
miR-573 as potential players in BRCA-related breast cancer angiogen-
esis. Oncotarget. 2015;6:471-83.

Wang L, Song G, Tan W, Qi M, Zhang L, Chan J, et al. miR-573 inhibits
prostate cancer metastasis by regulating epithelialmesenchymal transi-
tion. Oncotarget. 2015;6:35978-90.

Wang Y, Cao J, Zhang 5, Sun L, Nan Y, Yao H, et al. MicroRNA-802
induces hepatitis B virus replication and replication through regulat-
ing SMARCE 1 expression in hepatocellular carcinoma. Cell Death Dis.
2019;10:783.

Yang B, Sun L, Liang L. MIRNA-802 suppresses proliferation and migra-
tion of epithelial ovarian cancer cells by targeting YWHAZ, J Ovarian
Res. 2019;12:100.

Sansom SE, Nuovo GJ, Martin MM, Kotha SR, Parinandi NL, Elton TS.
miR-802 regulates human angiotensin Il type 1 receptor expression in
intestinal epithelial C2BBe1 cells. Am J Physiol Gastrointest Liver Physicl.
2010;299(3):G632-42.

Zhang XY, MuJH, Liu LY, Zhang HZ. Upregulation of miR-802 suppresses
gastric cancer oncogenicity via targeting RAB23 expression. Eur Rev
Med Pharmacol 5¢i. 2017;21:4071-8.

Grzywa TM, Klicka K, Rak B, Mehlich D, Garbicz F, Zielirski G, et al.
Lineage-dependent role of miR-410-3p as oncomiR in gonadotroph
and corticotroph pituitary adenomas or tumor suppressor miR in soma-
totroph adenomas via MAPK, PTEN/AKT, and STAT3 signaling pathways.
Endocrine. 2019,65:646-55.

Wen R, Umeano AC, Essegian DJ, Sabitaliyevich UY, Wang K, Farcoqi AA.
Role of microRNA-410 in molecular oncology: a double edged sword. J
Cell Biochem. 2018;119:8737-42.

Xiong J, Wang D, Wei A, Ke N, Wang Y, Tang J, et al. MicroRNA-

410-3p attenuates gemcitabine resistance in pancreatic ductal



Parol et al. J Trans! Med

105,

107.

109.

110.

1mnn.

nz

13

114,

115.

116.

17,

118.

119

120,

121,

122.

123.

124,

(2021) 19:28

adenocarcinoma by inhibiting HMGB1-mediated autophagy. Onco-
target. 2017,8:107500-12.

. Abramovic |, Ulamec M, Bojanac Katusic A, Bulic-Jakus F, Jezek D, Sincic

N. MiRNA in prostate cancer: challenges toward translation. Epigenom-
ics. 2020,12:543-58.

Zhou H, Zhu X. MicroRNA-21 and microRNA-30C as diagnostic
biomarkers for prostate cancer: a meta-analysis. Cancer Manag Res.
2019;11:2039-50.

Song CJ, Chen H, Chen LZ, Bu GM, Guo JJ, Ding QN. The potential of
microRNAs as human prostate cancer biomarkers: a meta-analysis of
related studies, J Cell Biochem. 2018;119:2763-86.

Zedan AH, Osther PJS, Assenholt J, Madsen JS, Hansen TF. Circulating
miR-141 and miR-375 are associated with treatment outcome in meta-
static castration resistant prostate cancer. Sci Rep. 2020,10:227.

Pashael E, Pashael E, Ahmady M, Ozen M, Aydin N. Meta-analysis of
miRNA expression profiles for prostate cancer recurrence following
radical prostatectomy. PLoS ONE. 2017;12:20179543.

Guan X. Cancer metastases: Challenges and opportunities. Acta Pharm
5in B. 2015,5:402-18,

Camps C, Buffa FM, Colella S, Mcore J, Sotiriou C, Sheldon H, et al. Hsa-
miR-210is induced by hypoxia and Is an independent prognostic factor
in breast cancer. Clin Cancer Res. 2008;14:1340-8.

Puisségur MP, Mazure NM, Bertero T, Pradelli L, Grosso S, Robbe-Serme-
sant K, etal, MiR-210 |s overexpressed in |ate stages of lung cancer

and mediates mitochondrial alterations associated with modulation of
HIF-1 activity. Cell Death Differ. 2011;18:465-78

Greither T, Grachola LF, Udelnow A, Lautenschlager C, Wirl P, Taubert H.
Elevated expression of microRNAs 155, 203, 210 and 222 In pancreatic
tumors is assoclated with poaorer survival. Int J Cancer. 2010;126:73-80
Gee HE, Camps C, Buffa FM, Patiar S, Winter SC, Betts G, et al. hsa-
mir-210 is a marker of tumor hypoxia and a prognostic factor in head
and neck cancer, Cancer, 2010;116:2148-58.

Pasculli B, Barbano R, Rendina M, Fontana A, Copetti M, Mazza T, etal.
Hsa-miR-210-3p expression in breast cancer and its putative associa-
tion with worse outcame in patients treated with Docetaxel. Sci Rep.
2019:9(1):1-9.

Foekens JA, Sieuwerts AM, Smid M, Look MP, De Weerd V, Boersma
AWM, et al. Four miRNAs associated with aggressiveness of lymph
node-negative, estrogen receptor-positive human breast cancer. Proc
Natl Acad Sci U 5 A, 2008;105:13021-6.

Volinia S, Shaw AS, Peddi PF, Galasso M, Kornev AP, Ellis MJ, et al, Breast
cancer signatures for invasiveness and prognosis defined by deep
seqquencing of microRNA, Proc Natl Acad Sci U S A. 2012;109:3024-9,
Liang Z, Lt X, Liu S, Li C, Wang X, Xing J. MiR-141-3p inhibits cell prolif-
eration, migration and invasion by targeting TRAFS in colorectal cancer.
Biochem Biophys Res Commun. 2019;514(3)699-705.

Di Cristofano A, Pandolfi PP The multiple roles of PTEN in tumor sup-
pression. Cell. 2000,100:387-90.

Gruber Filbin M, Dabral SK, Pazyra-Murphy MF, Ramkissoon S, Kung

AL, Pak E, et al. Coordinate activation of Shh and PI3K signaling in
PTEN-deficient glioblastorma: new therapeutic opportunities. Nat Med.
2013;19:1518-23.

Siveen KS, Ahn KS, Ong TH, Shanmugam MK, Li F, Yap WN, et al.
y-tocotrienol inhibits angiogenesis-dependent growth of human
hepatocellular carcinoma through abrogation of AKT/mTOR pathway in
an orthotopic mouse model. Oncotarget. 2014,5:1897.-911

Yeung K, Seitz T, LI S, Janosch P, McFerran B, Kaiser C, et al. Suppres-
sion of Raf-1 kinase activity and MAP kinase signalling by RKIP, Nature.
1999:401:173-7.

Yeung KC, Rose DW, Dhillon AS, Yaros D, Gustafsson M, Chatterjee D,

et al. Raf kinase inhibiter protein interacts with NF-B-inducing kinase
and TAK1 and Inhibits NF-B activation. Mol Cell Biol. 2001;21:7207-17,
Haga CL, Phinney DG. MicroRNAs in the imprinted DLK1-DIO3 region
repress the epithelial-to-mesenchymal transition by targeting the
TWIST1 protein signaling network. J Biol Chem. 2012;287:42695-707,
Wu J, GaoF, XuT, Deng X, Wang C, Yang X, et al. MiR-503 suppresses
the proliferation and metastasis of esophageal squamous cell carci-
noma by triggering autophagy via PKA/mTOR signaling. Int ) Oncol,
2018,52(5):1427-42,

125,

126.

127.

128.

129.

130

131,

132,

133.

134,

135,

136,

137.

138.

139.

140.

141.

142.

143,

145.

146.

48

Page 23 of 24

Yang, Liu L, Zhang Y, Guan H, Wu J, Zhu X, et al. MiR-503 targets PI3K
P85 and IKK-B and suppresses progression of non-small cell lung
cancer. Int J Cancer. 2014;135:1531-42.

QiuT, Zhou L, Wang T, Xu J, Wang J, Chen W, etal. MiR-503 regulates the
resistance of non-small cell lung cancer cells ta cisplatin by targeting
Bcl-2, Int J Mol Med. 2013;32:593-8.

Wang D, Ren J, Ren H, Fu JL, Yu D. MicroRNA-132 suppresses cell
proliferation in human breast cancer by directly targeting FOXA1. Acta
Pharmacol Sin, 2018:39:124-31.

Wong T5, Liu XB, Wong BYH, Ng RWM, Yuen APW, Wei WI. Mature miR-
184 as potential oncogenic microRNA of squamous cell carcinoma of
tongue. Clin Cancer Res. 2008;14:2588-92.

Chung YW, Bae HS, Song Y, Lee JK, Lee NW, Kim T, et al. Detection of
microRNA as novel biomarkers of epithelial ovarian cancer from the
serum of ovarian cancer patient. Int J Gynecol Cancer, 2013;23:673-9,
Formosa A, Lena AM, Markert EK, Cortelli S, Miano R, Mauriello A, et al.
DNA methylatian silences miR-132 in prostate cancer. Oncogene.
2013;32:127-34.

Humphrey PA, Gleason grading and prognostic factors in carcinoma of
the prostate. Mod Pathol, 2004;17:292-306.

Diagnosis and treatment of prostate cancer: Summary of NICE quid-
ance. BMJ (Online). 2014

Yue H, Liu L, Sang Z. miR-212 regulated by HIF-1a promotes the pro-
gression of pancreatic cancer. Exp Ther Med. 2019;17:2359-65.

Zhou C, Tan DM, Chen L, Xu XY, Sun CC, Zong LJ, et al. Effect of miR-212
targeting TCF7L.2 on the praliferation and metastasis of cervical cancer.
Eur Rev Med Pharmacal Sci. 2017;21:219-26.

Jiang X, Chen X, Chen L. MaY, Zhou L, Qi Q et al. Upregulation of the
miR-212/132 cluster suppresses proliferation of human lung cancer
cells, Oncol Rep. 2015;33:705-12.

Xie M, Fu Z, Cao J, Liu Y, Wu J, Li Q, et al. MicroRNA-132 and micro-
RNA-212 mediate doxorubicin resistance by down-regulating the
PTEN-AKT/NF-«B signaling pathway In breast cancer. Biomed Pharma-
cother. 2018;102:286-94.

Wang HF, Chen H, Ma MW, Wang JA, Tang TT, Ni LS, et al. miR-573 regu-
lates melanoma progression by targeting the melanoma cell adhesion
molecule. Oncel Rep. 2013;30:520-6.

Furuta M, Kozaki K, Tanaka S, Arii S, Imata |, Inazawa J. miR-124 and
miR-203 are epigenetically silenced tumor-suppressive microRNAs in
hepatocellular carcinoma. Carcinogenesls. 2009,31:766-76.
Muhammad N, Bhattacharya S, Steele R, Ray RB. Anti-miR-203 sup-
presses ER-positive breast cancer growth and stemness by targeting
SOCS3. Oncotarget. 2016,7:58595,

Wang C, Zheng X, Shen C, Shi Y. MicroRNA-203 suppresses cell prolifera-
tion and migration by targeting BIRCS and LASP1 in human triple-
negative breast cancer celis. J Exp Clin Cancer Res. 2012;31:58,

Zhang F,Yang Z, Cao M, Xu Y, Li J, Chen X, et al. MiR-203 suppresses
tumor growth and invasion and down-regulates MiR-21 expres-

sion through repressing Ran in esophageal cancer. Cancer Lett
2014;342:121-9.

He JH, LiYM, Li YG, Xie XY, Wang L, Chun SY, et al. hsa-miR-203 enhances
the sensitivity of leukemia cells to arsenic trioxide. Exp Ther Med.
2013,5:1315-21.

Yang CH, Wang Y, Sims M, Cai C, He P, Hacker H, et al. MicroRNA203a
suppresses glioma tumorigenesis through an ATM-dependent inter-
feron response pathway. Oncotarget. 2017,8:112980-91.

. Zhang X, Zhang Y, Llu X, Fang A, LI P LI Z, et al. MicroRNA-203 s a

prognostic indicator in bladder cancer and enhances chemosensitivity
to cisplatin via apoptosis by targeting Bel-w and Survivin, PLaS ONE.
2015;10:0143441.

Xiaohong Z, Lichun F, Na X, Kejian Z, Xiaolan X, Shaosheng W. MiR-203
promotes the growth and migration of ovarlan cancer cells by enhanc-
ing glycolytic pathway. Tumar Biol. 2016;37:14989-97.

Zhao G, Wang Q, Gu Q, Qiang W, Wei J), Dang P, et al. Lentiviral
CRISPR/Cas9 nickase vector mediated BIRCS editing Inhibits epithelial
to mesenchymal transition in ovarian cancer cells. Oncotarget.
2017;8:94666-680.



Parol et al. J Transl Med

147,

148,

149,

150.

151,

152

153.

154.

o8

156.

157

158.

159,

161.

162.

163.

165,

(2021) 19:28

Chen LZ, Ding Z, Zhang Y, He ST, Wang XH. MiR-203 over-expression
promotes prostate cancer cell apoptosis and reduces ADM resistance.
Eur Rev Med Pharmacol Sci. 2018;22:3734-41.

Cosma G, Acampora G, Brown D, Rees RC, Khan M, Pockley AG. Predic-
tion of pathological stage in patients with prostate cancer: a neuro-
fuzzy model. PLoS ONE. 2016;11:€015585.

Du B, Wu D, Yang X, Wang T, Shi X, Lv Y, et al. The expression and signifi-
cance of microRNA in different stages of colorectal cancer. Med (United
States). 2018:97:¢9635.

Zhang YF, Yu'Y, Song WZ, Zhang RM, Jin S, Bai JW, et al. miR-410-3p
suppresses breast cancer progression by targeting Snail. Oncol Rep.
2016;36480-6,

Zhang L, Pang Y, Cul X, Jia W, Cui W, Liu Y, et al. Microrna-410-3p upregu-
lation suppresses proliferation, invasion and migration, and promotes
apoptosis in rhabdomyosarcoma cells. Oncol Lett. 2019;18:936-43.
Wang W, He Y, Rui J, Xu MQ. Mir-410 acts as an oncogene in colorectal
cancer cells by targeting dickkopf-related protein 1 via the Wnt/f-
catenin signaling pathway. Oncol Lett. 2019;17(1).807-14.

Zhao H, Diao C, Wang X, Xie Y, Liu Y, Gao X, et al. MiR-543 promotes
migration, invasion and epithelial-mesenchymal transition of esopha-
geal cancer cells by targeting phospholipase A2 group IVA. Cell Physiol
Biochem. 2018;48:1595-604,

Fan C, LinY, MaoY, Huang Z, Liu AY, Ma H, et al. MicroRNA-543 sup-
presses colorectal cancer growth and metastasis by targeting KRAS,
MTA1 and HMGA2. Oncotarget. 2016;7:21825-39.

Ke XS, Liu CM, Liu DP, Liang CC. MicroRNAs: Key participants in gene
regulatory networks. Curr Opin Chem Biol, 2003;7:516-23.

Smith B, Agarwal £, Bhowmick NA. MicroRNA applications for prostate,
ovarian and breast cancer in the era of precision medicine. Endocr Relat
Cancer. 2017,24R157-72.

Braicu C, Buiga R, Cojocneanu R, Buse M, Raduly L, Pop LA, et al. Con-
necting the dots between different networks: MiRNAs associated with
bladder cancer risk and progression. J Exp Clin Cancer Res. 2019;38:433,
Aghdam AM, Amiri A, Salarinia R, Masoudifar A, Ghasemi F, Mirzaei H.
MicroRNAs as diagnostic, prognostic, and therapeutic biomarkers in
prostate, Cancer. 2019,29(2):127-39.

Watahiki Y, Macfarlane RJ, Gleave ME, Crea F, Wang Y, Helgason CD,

et al. Plasma miRNAs as biomarkers to identify patients with castration-
resistant metastatic prostate cancer. Int J Mol 5ci. 2013;14:7757-70,
Agaoglu FY, Kovancilar M, Dizdar Y, Darendeliler E, Holdenrieder S, Dalay
N, etal. Investigation of miR-21, miR-141, and miR-221 in blood circula-
tion of patients with prostate cancer. Tumor Biol. 2011;32:583-8.
Porzycki P, Ciszkowicz E, Semik M, Tyrka M. Combination of three miRNA
(miR-141, miR-21, and miR-375) as potential diagnostic tool for prostate
cancer recognition. Int Urol Nephrol. 2018,50:1619-26.

Kolluru V, Chandrasekaran B, Tyagl A, Dervishi A, Ankem M, Yan X, et al.
miR-301a expression: diagnostic and prognostic marker for prostate
cancer. Urol Oncol Semin Orig Investig. 2018;36:503.

Bertoli G, Cava C, Castiglion| |. MicroRNAs as biomarkers for diag-

nosis, prognosis and theranostics in prostate cancer. Int J Mol Sci.
2016;17:421.

Loblaw DA, Walker-Dilks C, Winquist E, Hotte SJ. Systemic therapy in
men with metastatic castration-resistant prostate cancer: a systematic
review. Clin Oncol. 2013;25:406-30.

Zedan AH, Osther PJS, Assenholt J, Madsen JS, Hansen T. Associa-

tion between circulating miRNA-141 and miRNA-375 and treatment
outcome in metastatic castration-resistant prostate cancer. J Clin Oncol.
2019;37:¢16507.

167.

169.

170.

171,

172,

174

175.

176.

178.

179.

181,

Page 24 of 24

Gonzales IC, Fink LM, Goadman OB, Symanowski JT, Vogelzang NJ,
Ward DC. Comparison of circulating MicroRNA 141 to circulating tumor
cells, lactate dehydrogenase, and prostate-specific antigen for deter-
mining treatment response in patients with metastatic prostate cancer.
Clin Genitourin Cancer. 2011,9:39-45,

Nguyen HCN, Xie W, Yang M, Hsieh CL, Drouin 5, Lee GSM, et al. Expres-
sion differences of circulating microRNAs in metastatic castration resist-
ant prostate cancer and low-risk, localized prostate cancer. Prostate.
2013;73:346-54.

Porkka KP, Pfeiffer MJ, Waltering KK, Vessella RL, Tammela TLJ, Visakorpl
T. MicroRNA expression profiling in prostate cancer, Cancer Res.
2007:67:6130-5.

Srivastava A, Goldberger H, Dimtchev A, Ramalinga M, Chijioke J,
Marian C, et al. MicroRNA profiling in prostate cancer—the diagnostic
potential of urinary miR-205 and miR-214. PLoS ONE, 2013;8€76994.
Rooij E, Kauppinen S. Development of micro RNA therapeutics is com-
ing of age. EMBO Mol Med. 2014;6:851-64.

Kolijn K, Verhoef El, Smid M, Bottcher R, Jenster GW, Debets R, et al,
Epithelial-mesenchymal transition in human prostate cancer demon-
strates enhanced immune evasion marked by IDO1 expression, Cancer
Res. 2018,78:4671-9.

Brase JC, Johannes M, Schlomm T, Haese A, Steuber T, Beissbarth T, et al,
Circulating miRNAs are correlated with tumor progression in prostate
cancer. Int J Cancer. 2011;128:608-16.

Cheng HH, Mitcheli PS, Kroh EM, Dowell AE, Chéry L, Siddiqui J, etal.
Circulating microRNA profiling identifies a subset of metastatic prostate
cancer patients with evidence of cancer-associated hypoxia. PLoS ONE.
2013;8:269239.

Kelly 8, Miller N, Sweeney K, Durkan G, Rogers E, Walsh K, et al. A Circu-
lating MicroRNA signature as a biomarker for prostate cancer in a high
risk group. J Clin Med. 2015:4:1369-79.

Quirico L, Orso F. The power of microRNAs as diagnostic and prognostic
biomarkers in liquid biopsies. Cancer Drug Resist. 2020;3:117-39.

HaoY, ZhaoY, Zhao X, He C, Pang X, Wu TC, et al. Improvement of
prostate cancer detection by integrating the PSA test with miRNA
expression profiling. Cancer Invest. 2011;29:318-24.

Luu HN, Lin HY, Serensen KD, Ogunwobi OO, Kumar N, Chornokur G,

et al. miRNAs associated with prostate cancer risk and progression. BMC
Urol. 2017;17:18.

Petrylak DP, Tangen CM, Hussain MHA, Lara PN, Jones JA, Taplin ME,

et al. Docetaxel and estramustine compared with mitoxantrone and
prednisone for advanced refractory prostate cancer. N Engl J Med.
2004;351:1513-20.

Tannock IF, De Wit R, Berry WR, Horti J, Pluzanska A, Chi KN, et al. Doc-
etaxel plus prednisone or mitoxantrone plus prednisone for advanced
prostate cancer. N Engl ) Med. 2004;351(15):1502-12.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
201868:394-424,

Altieri DC, Languino LR, Lian JB, Stein JL, Leav I, Van Wijnen AJ, et al.
Prostate cancer regulatory networks. J Cell Biochem. 2009;107:845-52.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

49



Cytokine 150 (2022) 155778

-

ELSEVIER

Contents lists available at ScienceDirect
Cytokine

journal homepage: www.elsevier.com/locate/cytokine

CYTOKINE

Prognostic significance of SDF-1 chemokine and its receptors CXCR4 and
CXCR7 involved in EMT of prostate cancer

L))

Check
Spdaies

Martyna Parol-Kulczyk , Arkadiusz Gzil, Joanna Ligmanowska, Dariusz Grzanka

Department of Clinical Pathomorphology, Faculty of Medicine, Collegium Medicum in Bydgosscs, Nicolaus Copernicus University, Torun, Poland

ARTICLE INFO ABSTRACT

Keywords: Tendency to conversion from state of chronic inflammation to malignancy is a tumor characteristic trait, which
Epithelial- mesenchymal transition encourages progression to its metastatic stage.. The inflammatory cells maintaining in the tumor inaugurate a
EMT communication with cancer cells and become tumor-fostering cells. Epithelial-mesenchymal transition (EMT) is a
Metastasis .

Pitstabs dancec program supporting malignant cells during switch phenotype into metastatic form, providing looseness of cell-
Chiiokiinds cell adherence and strengthens migratory or invasive features. EMT-undergone tumor cells become more

Chemokine receptors aggressive and resistant to apoptosis. Additionally, malignant cells can be stimulated to manufacture proin-
SDF-1 flammatory factors throughout EMT program. Chronic inflammation is responsible for EMT induction in ma-

CXCL12 lignancies. Developed tumors induce inflammatory response through excretion of cytokines, chemokines and
CXCR4 growth factors, which recruit populations of infiltrating immune cells straight to the tumor microenvironment.
CXCR7 The inflammatory reaction potentially exerts tumor control, but instead it can be intercepted by the tumor to

stimulate its own development in direction to metastatic form. Our study confirmed that SDF-1 chemokine and

its receptors, CXCR4 and CXCR7 may participate in initiation of metastases formation and EMT process.

1. Introduction

The process of inflammation constitutes an integral point in pro-
gression to prostate cancer (PCa). Many recent studies have confirmed
involvement of inflammatory process in prostate cancer initiation and
development |1 -3]. Inflammation encourages carcinogenesis, promotes
tumor proliferation as well as angiogenesis through incite DNA damage
[4-6]. Also, in chronically inflamed cells, a cytokine release is induced,
leading to active stroma, tumor growth, activation of EMT process and
metastasis [7]. The chemokines and cytokines, produced by inflamma-
tory cells, has impact at whole organ occupied by tumor, disrupting the
tumor growth balance, cell differentiation and cell migration in tumor
microenvironment, encompass neoplastic cells, endothelial cells and
fibroblasts [£,9]. Moreover, the neoplastic cells may lead to invert the
inflammatory mechanism, providing the support of prostate cancer
metastasis cascade [10,11]. Inflammatory-associated mediators related
to the cancer incorporate tumor necrosis factor, cytokines, chemokines,

inflammasomes, transcription factors, infiltrating and circulating im-
mune cells, sex steroid receptors and reactive oxygen species (ROS)
[12].

Chronic inflammation may initiate epithelial-mesenchymal transi-
tion (EMT), an initial step of metastasis, leading to detach of tumor cells
from their origin site, flow into the angiolymphatic systems and occupy
the endothelial cells, where adhesion to endothelial cells is supported by
chemokines and their receptors [13].

Chemokines are small molecular weight proteins involved in cell
trafficking and tissue differentiation [14]. More importantly, chemo-
kines and their receptors are considered as a molecules mediating in
chronic inflammation predisposing to the tumor development and pro-
gression including in prostate cancer patients | 15.16].

One member of the CXC chemokines subfamily is SDF-1, also known
as a CXCL12, which could interact with the seven-transmembrane G-
protein-coupled receptor CXCR4 [17]. The chemokine stromal derived
factor 1-alpha (SDF-1a) and CXCRA4, its primary discovered receptor are

Abbreviations: EMT, epithelial-mesenchymal transition; PCa, prostate cancer; ROS, reactive oxygen species; SDF-1«, chemokine stromal derived factor 1-alpha;
BPH, benign prostate hyperplasia; FFPE, formalin-fixed paraffin embedded tissue; H&E, hematoxylin and eosin staining; AJCC, American Joint Committee on Cancer;
25p, 25th percentile; 75p, 75th percentile; M, median; TME, tumor microenvironment; MSC, mesenchymal stem cells; NSCLC, non-small cell lung cancer.
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highly participate in regulation of metastatic process [18]. Alternated
expression of CXCR4 receptor has been observed in 23 epithelial,
mesenchymal and hematopoietic cancers, confirming ligand/receptor
complex critical role in aggressiveness acquiring and metastasis forming
[19]. The role of SDF1u/CXCR4 pathway in prostate cancer is multi-
faceted and it was found to be implicated in dissemination of malignant
cells to specific organs, tumor cells aggregation and stimulation of
growth at new sites, so functions, which are probably conduct through
input of CXCR4 on adhesion, invasion and proliferation of tumor cells
[20]. However, the CXC chemokine receptor 7 (CXCR7), the newly
identified substitute receptor for SDF-1a can also manages cell survival
and cell invasion in PCa [21]. Similar to CXCR4, CXCR7 belongs to
chemokine-specific seven transmembrane G protein-coupled receptor
and functions as an atypical chemokine receptor which does not
participate in standard chemokine responses such as adenylyl cyclase
activity or mobilization of intracellular calcium [22]. Previous studies
have confirmed that affinity of CXCL12 binding to its CXCR7 receptor is
ten folds greater comparing to the CXCR4 [27]. New advances in area of
cancer progression disclosed SDF-1/CXCR4/CXCR?7 axis as an important
modulator of endothelial progenitor cells recruiting and angiogenesis or
dissemination of tumor cells [24 28| The role of CXCL12-CXCR4/
CXCR7 chemokine signaling pathway has been confirmed in human
malignancies. Some authors have indicated that the CXCL12-CXCR4/
CXCR7 axis has potential as a therapeutic target for repression of
tumor growth and metastasis [29.30]. Nevertheless, the CXCL12-
CXCR4/CXCR? axis reffered to EMT in PCa still remains controversial
and poorly understood.

2. Material and methods
2.1. Clinicopathological characteristics of the study population

The fifty patients with confirmed primary PCa were all managed at
the Department of General and Oncological Urology, Collegium Medi-
cum in Bydgoszcz, Nicolaus Copernicus in Torun (Poland) from January
2017 to December 2019 after the introduction of routine radical pros-
tatectomy treating. The clinical databases of classified patients indicated
classical prognostic factors such as age, histological type, grade, lymph
node status, distant metastasis status or treatment information. The each
patient was qualified when met the pre-defined entry criteria. Patients
incorporated in the study were pT2c-pT3b, NO-1, MO-1. The age of pa-
tient cohort ranged from 52 to 82 with the mean equal to 66. The ma-
jority of included patients had lymph node metastases (66%) and 92%
had tumor cells confirmed in prostate gland capsule. Gleason score was
assessed for all of 50 prostate samples with 6 score in 6%, 7 score in 36%,
8 score in 26% and 9 score in 30% patients. Baseline features of study
group were presented at Table 1.

2.2. Tissue specimens

The current study was approved by the Bioethical Commission of
Collegium Medicum in Bydgoszcz of the Nicolaus Copernicus University
in Torun, Poland with the issue number KB 248/2019. Histological
assessment and classification according to the 8th Edition American
Joint Committee on Cancer (AJCC) Cancer Staging system [31] of
resected tumors were done with hematoxylin-eosin-stained (H&E-
stained) slices by two independent pathologists. The specimens with
equal to or more than 70% of cancer cell were recognized as a repre-
sentative tumor areas. The control group was consisted of 20 patients
with confirmed benign prostate hyperplasia (BPH).

2.3. Tissue microarray (TMA) construction
TMAs were precisely constructed from conventional paraffin blocks

representing donor blocks. 5 mm diameter cores obtained from a series
of paraffin-embedded donor blocks were located into an encoded tissue
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Table 1
Clinicopathological characteristics of the study group.

Variables % of cases (N = 50)
Age <60 years 20
— >60 years 80
Stage pT according to TNM pT2c 18
pT3 2
pT3a 18
pT3b 52
pT4 10
Stage N according to TNM NO 34
N1 66
Stage M according to TNM MO 92
M1 8
Gleason Score 6 8
7 36
8 26
9 30
Gleason pattern 3+3 8
3+4 16
345 8
4+3 20
4+4 18
4+5 16
5+4 14
Angioinvasion Pas 12
Neg 88
Nerve invasion Pos 10
Neg 90
Plugs in the vessels Pos 26
Neg 74
Capsule invasion Pos 92
Neg 8

microarray in prepared acceptor paraffin blocks. Each of them was
composed of five tissue fragments. Prepared paraffin blocks were cut
into 4 ym thick slices by using manual rotary microtome (Accu-Cut,
Sakura, Torrance, USA). Ready for use slices were placed on extra ad-
hesive slides (Superfrost Plus; Mensel-Glazer, Braunschweig, Germany)
and dried on a heating plate set at 60 °C for 1 h.

2.4. Immunohistochemistry

Prepared tissue sections were deparaffinized and rehydrated, fol-
lowed by incubation with Antigen Unmasking Solution pH-9 to retrieve
the antigen in PT-Link (Dako, USA). Subsequently, the immunostaining
protocol included 10 treatment in 3% H30; in room temperature to
block the activity of endogenous peroxidase and 15 incubation in 3%
solution of bovine serum albumin (BSA) in room temperature to block
non-specific binding sites. The next step was 30° incubation with pri-
mary anti-SDF-1 and CXCR4 antibody, diluted 1:100 and 1:500 with
antibody diluent (Dako, USA) and 20° incubation in EnVision FLEX +
HRP (Dako, USA) in the same temperature conditions as a previous step.
Antigen-antibody complex was visualizated regarding to the appearance
of brown reaction product, using DAB (3'3 diaminobenzidine) as a
chromogen. Additionally, the slides were counterstained with Mayer's
hematoxyline for 3‘ to reveal the nuclei of cells. Finally, the tissue sec-
tions were dehydrated in increasing concentrations of ethanol (80, 90,
96, 99.8%), cleared in series of xylens (I, II, III, IV) and mounted with
Shandon Consul Mount (Thermo Scientific, Waltham, USA).

All steps as above with minor modifications were used to stain
CXCR7 protein in tissue slices. The incubation time with 3% Hy0, was
extended from 10 to 12 min and BSA concentration was increased from 3
to 5 percent. The dilution of anti-CXCR7 antibody was 1:100. The
staining procedure of aforementioned proteins (encompassing staining
of both tumor and BPH areas) was done manually and simultaneously to
ensure the highest performance and support the quality of microscopic
examination process.

The standarization of IHC methods was done before performing of
principal IHC staining. Optimization and validation of antibodies
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immunostaining was performed manually with modifications of stan-
dard protocols using the properly diluted antibody clones and tissue
controls presented in Table 2. The tissue controls was recommended by
the Human Protein Atlas with a link https://www proteinatlas.org [32]
and the manufacturer sheet. Positive control reaction was performed on
human gallbladder, human brain carcinoma and human placenta for
SDF-1, CXCR4 and CXCR7, respectively. Subcellular localization of
signals was nuclear-cytoplasmic positivity in glandular cells for SDF-1,
the presence of the immunising phosphopeptide for CXCR4 and cyto-
plasmic positivity in trophoblasts for CXCR7. The results of IHC staining
was compared with external protein/gene sources, such as the
UniProtKB/Swiss-Prot and the Human Protein Atlas. Our staining pat-
terns was consistent with the results listed in aforementioned databases.

2.5. Imaging and scoring

The stained slides were assessed in a blinded manner using the light
ECLISPE E400 microscope (Nikon Instruments Europe, Amsterdam,
Netherlands) by two independent pathologists. Images of THC-stained
TMA slides were obtained at 10x magnification using a Ventana
DPD200 slide scanner (Roche Diagnostics, USA).

The H-scores were calculated by a semi-quantitative evaluation of
the intensity of staining and the percentage of tumor cells in each TMA
cores. Three fields for each individual core were chosen randomly to
evaluate the intensity of nuclei staining in tumor cells, scoring to
0 corresponding to negative diaminobenzidine staining, 1 + corre-
sponding to weak, 2 + corresponding to intermediate or 3 + to strong.
Next, the total number of tumor cells and the number of each staining
intensity category cells were counted. The H-score results were obtained
for each prostate sample fields by following formula (3x percentage of
strongly stained tumor cells + 2x percentage of moderately stained
tumor cells + 1x percentage of weakly stained tumor cells).

2.6. Statistical analysis

All statistical tests were performed using GraphPad Prism version 8
(GraphPad Software, La Jolla, CA, USA). The expression levels of studied
proteins were demonstrated as 25th percentile (25p), the median (M)
and the 75th percentile (75p). The comparative studies were analyzed
statistically using the U Mann-Whitney and Kruskal-Wallis test.
Spearman test was used to explore the association between protein
levels and clinicopathological features: age, pathological tumor stage,
Gleason pattern, total Gleason score, presence of lymph node, presence
of angioinvasion or plugs in the vessels and nerve invasion. P-values <
0.05 were considered statistically significant.

Table 2
Primary antibody characteristics.

Antibody  Primary Positive control Cellular Catalog
antibody according to localization/ number
dilution antibody data sheet  expression in

and Human Protein  prostate cancer
Atlas tissue
SDF-1 1:100 human gallbladder Nuclear- ab9797
cytoplasmic and
stromal
CXCR4 1:500 human brain Nuclear- ab74012
carcinoma cytoplasmic and
stromal
CXCR?7 1:100 human placenta Cytoplasmic ab38089
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3. Results

3.1. Immunohistochemical analysis of protein localization and expression
of SDF-1, CXCR4 and CXCR7 in PCa

The SDF-1, CXCR4 and CXCR?7 proteins exhibited following protein
patterns: 1) SDF-1 was detected at nuclear-cytoplasmic and stromal
level; 2) CXCR4 revealed nuclear-cytoplasmic and membrane pattern; 3)
cytoplasmic localization was observed for CXCR7. Immunohistochem-
ical representative microphotographs representing the SDF-1, CXCR4
and CXCR7 expression in PCa was shown in Fig. 1.

The range of possible scores was from 0 with negligible percentage of
stained tumor cells to 300 with maximum percentage of strongly stained
tumor cells. In DAB-stained TMA slides with PCa cores we noted 11
fields with 0 score for nuclear-cytoplasmic SDF-1 expression and 3 with
300 score, 20 fields with O score and 4 with 300 score for stromal SDF-1
expression, 35 fields with 0 score and 0 with 300 score for cytoplasmic
CXCR7 expression, 40 fields with 0 score and 3 with 300 score for
nuclear-cytoplasmic CXCR4 and 35 field with 0 score and 0 with 300
score for membrane CXCR4 expression. Frequency of particular THC
results in each protein subsets was presented in Table 3.

3.2. Correlation of SDF-1 staining intensity with clinicopathological
features in PCa

Mann-Whitney U test demonstrated the higher nucleo-cytoplasmic
expression of SDF-1 in cancer cells than in normal endothelial cells (p
= 0.0034; Fig. 2A). Similarly, SDF-1 localized in stroma manifests a
higher expression level in areas of cancer than in normal tissue (p =
0.0009; Fig. 2B). Kruskal-Wallis test showed significantly higher
expression level of SDF-1 found in GS7 area of prostate stroma than in
GS9 area of stroma (p = 0.015; Fiz. 2D). Analogous observation was
noted for SDF-1 with nuclear-cytoplasmic pattern in tumor cells (p =
0.010; Fig. 2C). The both expression patterns of SDF-1, nucleo-cyto-
plasmic and stromal were not associated with Gleason pattern. Ac-
cording to the TNM Classification System of Prostate Cancer, we found a
notable higher stromal expression of SDF-1 chemokine in pT2c¢ prostate
cancer pathologic stage than in pT4 pathologic tumor stage of prostate
(p = 0.024; I'ig. 2E). Furthermore, our results indicate a remarkable
higher stromal expression of SDF-1 protein in prostate cancer patients
without presence of metastasis to the lymph node, than in patients with
the occurrence of lymph node metastasis (p = 0.038; Fig. 2F). Also, we
demonstrated a higher stromal expression of SDF-1 in tumor tissue
without presence of tumor embolism than in cases with confirmed tumor
plugs in the vessels (p = 0.042; Fig. 2G) by Mann-Whitney U test.
Principal values obtained due to the analysis of correlation between
proteins level and clinicopathological features are listed in Table 4.

3.3. Correlation of CXCR4 and CXCR?7 staining intensity with
clinicopathological features in PCa

Kruskal-Wallis test showed no difference between CXCR4 or CXCR7
expression and Gleason score or Gleason pattern manifested by tumor
cells in prostate. However, our study suggest that chemokine receptors
may participate in metastasis development. Mann-Whitney test revealed
significantly higher the both membrane (p = 0.0045; Fig. 3A) and
nuclear-cytoplasmic (p = 0.0002; Fig. 3B) CXCR4 expression in samples
without presence of lymphovascular metastases than in samples with
presence of metastases to the lymph nodes. Similarly, the cytoplasmic
expression of CXCR7 protein was noted to be significantly higher in
patients with lack of lymph node metastases than with nodal metastasis
positive (p = 0.0047; Fig. 4B).

The results of Mann-Whitney test proposed that CXCR4 protein may
be involved in nerve infiltration in PCa. Significantly higher membrane
CXCR4 expression was observed in cases without infiltration of nerve
than in cases with presence of nerve infiltration (p = 0.0058; I'iz. 3C).
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Fig. 1. Immunohistochemical representative microphotographic representing the SDF-1, CXCR4 and CXCRT expression in prostate cancer. Primary objective

magnification, x10.

Table 3
Frequency of particular IHC H-score results in each protein subsets.

H-score Number of cases, including each Fields (n = 150)
SDF-1 expression CXCR4 expression CXCR7 expression
nuc-cyt stroma nuc-cyt mem eyt

0-50 40 39 94 70 58

51-100 33 48 28 53 40

101-150 31 15 8 12 24

151-200 30 13 5 10 15

201-250 1 29 10 4 9

251-300 5 6 5 1 4

nuc-cyt-nuclear-cytoplasmic  expression; stroma-stromal expression; mem-
membranous expression; cyt-cytoplasmic expression.

According to the TNM classification, the assessed the pT stage in each
sample was found to be associated with CXCR7 protein. We remarked
the notable higher cytoplasmic expression of CXCR7 receptor in pT2
stage, than in pT3a and pT3b stage in prostate cancer (p = 0.0008;

Fig. 4A). The loss of CXCR7 was found to be associated with presence of
angioinvasion (p = 0.0002, Fig. 4C)

3.4. Correlations between SDF-1, CXCR4 and CXCR?7 staining intensity in
PCa

Correspondence analysis based on Spearman’s correlation coeffi-
cient revealed significantly positive association between chemokine
receptors, CXCR4 localized at membrane and cytoplasm-localized
CXCR?7 at poor level (r = 0.23; p = 0.003). Interestingly, a remarkable
negative correlation between SDF-1 chemokine stained in stroma and
one of its receptor, CXCR7 located at cytoplasm of tumor cells was found
at poor level (r = -0.15; p = 0.032). Analyzes for CXCR4 and SDF-1
revealed no significant protein-protein concordance regardless of their
localization in tumor cells. However, we found a notable association
between differently localized SDF-1 proteins. Our results indicate a
correlation between nucleo-cytoplasmic expression of SDF-1 and SDF-1
protein localized in stroma at positive middle-high level (r = 0.66; p =
0.000). The summary of correlations between EMT-related proteins,
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Fig. 2. The graphical demonstration
of statistical analysis for SDF-1 protein
examined by IHC technique. The x-
axis presents particular clinicopatho-
logical features for prostate cancer
patients and the y-axis notices H-
scores values for IHC staining. A-The
correlation  between SDF-1 and
particular values of Gleason score. D-
The correlation between stromal SDF-
1 and particular values of Gleason
score. E-The correlation between
strornal localized SDF-1 and patho-
logical tumor stage. F-The correlation
between stromal-localized SDF-1 and
present of lymph node metastases. G-
the correlation between stromal
expression of SDF-1 and presence of
tumor phase in the vessel. The hori-
zontal line of box plots denotes the
median value of each score.
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Table 4
Correlations between EMT-related proteins and clinicopathological features.
SDF-1 CXCR4 CXCR7
(84
nuc-cyt stroma nuc-cyt mem cyt
Qi M Qs Qi M Qs Qi M Qs Qi M Qs Qi M Qs
3 40.00 | 110.00 | 200.00 | 57.50 | 100.00 | 200.00 | 0.00 | 30.00 | 100.00 | 0.00 | 70.00 [ 100.00 12.50 80.00 130.00
Gps 4 61.25 | 110.00 | 177.50 | 45.00 | 100.00 | 160.00 | 0.00 | 25.00 | 100.00 | 0.00 | 60.00 | 100.00 | 20.00 | 100.00 | 150.00
5 7.50 90.00 165.00 | 0.00 20.00 177.50 | 11.25 | 50.00 | 125.00 | 0.00 | 20.00 | 37.50 0.00 70.00 100.00
p* ns ns ns ns ns
6 42,50 | 142,50 | 198.80 | 90.00 | 125.00 | 200.00 | 0.00 10.00 | 3875 | 60.00 | 87.50 | 107.50 | 77.50 140.00 | 195.00
7 70.00 | 130.00 | 200.00 | 57.50 | 137.50 | 200.00 | 0.00 | 27.50 [ 100.00 | 0.00 | 67.50 | 100.00 0.00 100.00 | 145.00
G.s. 8 75.00 | 110.00 | 200.00 | 60.00 | 100.00 [ 160.00 | 10,00 | 30.00 [ 100.00 | 0.00 | 70.00 | 120.00 15.00 80.00 110.00
9 5.00 65.00 145.00 | 10.00 | 70.00 13250 | 0.00 | 65.00 [ 19250 | 0.00 | 45.00 | 100.00 0.00 70.00 130.00
p"‘ 0.0104 0.0153 ns ns ns
2c 42.50 | 152,50 | 200.00 | 90.00 | 150.00 | 200.00 0.00 15.00 | 100.00 | 40.00 | 65.00 88.75 102.50 | 145.00 | 195.00
3a | 60.00 | 100.00 | 145.00 | 52.50 | 90.00 | 190.00 | 20.00 | 50.00 | 100.00 | 5.00 | 80.00 | 150.00 | 25.00 | 100.00 | 112.50
T 3b 50.00 | 100.00 | 162,50 | 57.50 | 100.00 | 171.30 | 0.00 | 22.50 | 85.00 0.00 | 6250 | 100.00 0.00 70.00 107.50
4 0.00 150.00 | 230.00 0.00 40.00 120.00 3.75 75.00 | 100.00 0.00 0.00 140.00 0.00 100.00 | 170.00
p* ns 0.0241 ns ns 0.0008
0 50.00 | 110.00 [ 195.00 | 70.00 | 100.00 | 200.00 | 1500 | 75.00 | 190.00 | 40.00 | 85.00 [ 120.00 50.00 100.00 | 180.00
N 1 50.00 | 100.00 | 185.00 | 40.00 | 100.00 | 175.00 | 0.00 | 20.00 | 60.00 0.00 | 4750 | 100.00 0.00 80.00 112.50
pr ns 0.0384 0.0002 0.0045 0.0047
(-) 50.00 | 117.50 | 198.80 | 60.00 | 100.00 | 200.00 | 0.00 | 30.00 [ 100.00 | 0.00 | 65.00 | 100.00 | 30.00 100.00 | 140.00
Ang | (+) [ 5000 [ 75.00 | 103.80 | 40.00 | 65.00 | 108.80 | 7.50 | 17.50 | 4250 | 0.00 | 40.00 | 83.75 0.00 15.00 | 47.50
p** ns ns ns ns 0.0002
(-) 50.00 | 100,00 | 180.00 | §5.00 | 100.00 [ 200.00 | 0.00 | 30.00 [ 100.00 | 0.00 | 60.00 | 100.00 25.00 [ 95.00 132.50
Plu (+) 40.00 | 120.00 | 200.00 | 30.00 90.00 130.00 0.00 37.50 | 100.00 0.00 55.00 | 100.00 0.00 100.00 | 140.00
ptt ns 0.0424 ns ns ns
(-) | 5000 | 11000 | 195.00 | 50.00 | 100.00 | 195.00 | 0.00 | 27.50 | 100.00 | 0.00 | 70.00 | 10000 | 1250 | 9500 | 140.00
Neu | (+) | 3000 | 80.00 | 140.00 | 40.00 | 100.00 | 150.00 | 0.00 | 5000 | 10000 | 0.00 | 000 | 6500 | 40.00 | 100.00 | 100.00
 rada ns ns ns 00058 ns
(-) 32,50 | 75.00 17250 | 21.25 | 95.00 | 200.00 | 10.00 | 1500 | 100.00 | 1875 | 70.00 | 97.50 50.00 115.00 | 180.00
Cap (+) 50.00 | 110.00 | 186.30 | 50.00 | 100.00 | 183.80 0.00 30.00 | 100.00 0.00 60.00 | 100.00 15.00 95.00 130.00
p** ns ns ns ns ns
n 0.00 0.00 40.00 0.00 12.50 88.75 0.00 | 60.00 [ 140.00 | 0.00 | 8250 | 133.80 | 35.00 97.50 155.00
C/IN C 50.00 | 110.00 | 185.00 | 50.00 | 100.00 | 195.00 | 0.00 | 30.00 | 100.00 | 0.00 | 60.00 [ 100.00 15.00 100,00 | 133.80
p** <0.0001 <0.0001 ns ns ns

C.F.-Clinicopathological features; G.p.s-Gleason pattemn separately; G.s.-Gleason score; T-tumor stage;N-nodal status; Ang- angioinvasion; Plu-Plugs in the vessels
(cancer emboli); Neu-Neural infiltration; Cap-capsule invasion; C/N-cancer vs. normal tissue; nuc-cyt-nuclear-cytoplasmic expression; stroma-stromal expression;
mem-membranous expression; cyt-cytoplasmic expression; p-P-value; ns-non significant; * Kruskal Wallis test; ** U Mann Whitney test.

showing its P-value and R-value are demonstrated in Table 5 and

Table 6, respectively.
4. Discussion

The spread of prostate cancer cells can be subdivided into few steps,
following by first critical event, where tumor cells leave the origin
cancer focus and potentially undergoing EMT process. Next, migrating
cancer cells invade surrounding tissues or cross endothelial barrier to
penetrate into blood and lymphatic vessels, from where they spread to
distal body parts and form distant metastases [33]. The recent studies
have shown cross-communication between chronic inflammation,
tumor outgrowth and progression to metastasis | 3438 |. Especially, the
chronic inflammation can expose normal cells to carcinogenetic factors
through damaging their physiological barriers and stimulate oncogenes
and/or disable tumor suppressors [39.40]. This process seems to be
driven through growth factors and inflammatory cytokines such as

chemokines [41].

The CXCR4 is one of such chemokines, that might to participate in
adhesion and migration of tumor cells, cancer invasion and progression
to spread disease [ 42,43]. In current study we found that CXCR4 protein
expression could be observed in PCa as two immunostaining patterns:
membranous and nucleo-cytoplasmic. Previous studies described cyto-
membrane and nuclear CXCR4 expression pattern in hepatocellular
carcinoma [44], breast cancer [45], lung cancer [46], nasopharyngeal
carcinoma [42,47]. The most of cancers exhibit CXCR4 expression,
which level increases with disease aggressiveness. Some authors have
proved that CXCR4 pattern is particularly expressed in metastatic form
of cancers [48.49]. Furthermore, the meta-analysis conducted by Lee
and other authors indicated that elevated expression of CXCR4 protein
in PCa patients could be notably associated with the occurrence of
metastases, but not related to the Gleason score or the T stage [50].
Quite the opposite, we evaluated the higher level of CXCR4 was asso-
ciated with lack of lymphatic metastases and nerve infiltration in human
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Fig. 3. The graphical demonstration of statistical analysis for CXCR4 protein examined by IHC technique. The x-axis presents particular clinicopathological features
for prostate cancer patients and the y-axis notices H-score values for IHC staining. A-The correlation between membranous CXCR4 level and presence of lymph node
metastases. B-The correlation between nucleo-cytoplasmic CXCR4 level and presence of lymph node metastases. C-The correlation between membranous expression
of CXCR4 protein and presence of nerve invasion. The horizontal line of box plots denotes the median value of each score.

prostate cancer, so probably CXCR4 pattern was predominantly
expressed in patients with lack of predisposition to metastatic form of
prostate cancer and it is inconsistent with aforementioned studies.

Our data suggest that both nucleo-cytoplasmic and membranous
CXCR4 fractions may get involved in the early stage of metastases for-
mation. Yoshitake et al. have indicated that CXCR4 protein localized in
nucleus of CRC tumor cells manifested more frequent lymphovascular
metastasis, poor differentiation and patient outcome compared to
cytomembrane CXCR4 pattern. According to Yoshitake study CXCR4
expressed in nucleus of CRC tumor cells may play crucial role in CRC
progression, however our results showed that both membrane and
nucleo-cytoplasmic pattern of CXCR4 had role in PCa progression [42].
It was proved in vivo that the expression of CXCR7 in PCa biopsies
escalate along with higher invasive grade, similarly to CXCR4 (21 49].
Also, in vitro studies has been shown that enhanced CXCR7 expression
correlated with cell adherence, angiogenesis and invasion [51]. Addi-
tionally, it was proved as the expression of CXCR7 in non-malignant
diseases is highly circumscribed, while it is extensively expressed in
malignancies, such as breast, lung or prostate cancer [21,25 52].

Current results proposed that the both loss of CXCR7 as well as loss of
CXCR4 in PCa tumor cells could be significant in progression to the
lymph node metastases. More interestingly, we marked that described

two receptors for SDF-1 revealed the correlation between their expres-
sions; hence they both may dually attend in initiation of metastases.
Yang et al. in their study at CXCR7 pattern in prostate cancer have
confirmed that the upregulation of CXCR7 was significantly corre-
sponded with poor differentiation and presence of lymphovascular
metastasis [53]. Additionally, the oncogenic role of CXCR7 was also
confirmed by Singh et al. showing that overexpression of CXCR7 in
normal PCa cells can influence on enhance of proliferative ability [54].
Hence, CXCR7 as well as aforedescribed CXCR4 may play dualistic role
in progression to prostate cancer metastatic form. Our unsuspected
result probably could be also associated with samples variability within
our prostate cancer population. I[HC methodology was scrupulously
validated; therefore we exclude the influence of THC procedure or
applied antibodies on achieved result.

The next investigated protein SDF-1 is commonly described as a
secreted by stromal fibroblasts ligand of aforementioned membrane
receptor CXCR4 [55 58], Our statistical analysis demonstrated higher
expression of stromal SDF-1 in PCa in comparison to normal prostate
tissue. Similar results have been earlier shown in a number of studies
[59 61 1. The high stromal SDF-1 expression in PCa could be explained
due to observed in many studies relationship between a PCa and
mesenchymal stem cells (MSC) | 62,63 ]. It has been suggested that PCa-
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Fig. 4. The graphical demonstration of statistical analysis for CXCR7 protein examined by IHC techniques. The x-axis presents particular clinicopatholigical features
for prostate cancer patients and the y-axis notices H-score values for IHCstaining. A-The correlation between cytoplasmic CXCR7 level and pathological tumor stage.
B-The comrelation between cytoplasmic CXCR7 expression and presence of lymph node metastases. C-The correlation between cytoplasmic CXCR7 protein and
vascular invasion. The horizontal line of box plots denotes the median value of each score.

::::l:tions between EMT-related proteins, presenting statistically significant P-value.
P-value CXCR4 nuc-cyt CXCR4 mem SDF-1 nuc-cyt SDEF-1 stroma CXCR7 cyt
CXCR4 nuc-cyt 0.0899 0.3891 0.1366 0.4162
CXCR4 mem 0.0899 0.4106 0.1055 0.0028
SDF-1 nuc-cyt 0.3891 0.4106 0.0000 0.2171
SDF-1 stroma 0.1366 0.1055 0.0000 0.0321
CXCR7 eyt 0.4162 0.0028 0.2171 0.0321

associated MSC secret SDF1, what might be essential for activation other
MSC and regulation of their migration, proliferation and survival and
increase their population in cancer adjacent tissue [57,64 66]. As a
consequence, increased MSC-population could generate increased level
of excreted SDF-1. Furthermore, stromal SDF-1 may stimulate not only
PCa-MSC but also influence the prostate cells to support the

transformation of normal prostate cells into malignant version through
the downstream signaling pathway such as MEK/ERK and PI3K/AKT
[21,67]. The final effect of described pathway is proangiogenic pheno-
type of PCa-cells what promote survival of the tumor | 68 |. However, the
increased stromal expression of SDF-1 has been observed in our study
among PCa, without metastasis, with low T-stage measured by TNM
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g(a)‘r’rl:l;iom between EMT-related proteins, presenting statistically significant R-value.
R-value CXCR4 nuc-cyt CXCR4 mem SDF-1 nuc-cyt SDF-1 stroma CXCRT7 cyt
CXCR4 nuc-cyt 0.1112 0.0234 0.0911 0.0177
CXCR4 mem 0.1112 0.0188 0.1038 0.2293
SDF-1 nuc-cyt 0.0234 0.0188 0.6552 0.0649
SDF-1 stroma 0.0911 0.1038 0.6552
CXCR7 cyt 0.0177 0.2293 0.0649

classification and low Gleason grade. The microenvironment of more
advanced, metastatic or undifferentiated cancers contained statistically
lower secreted SDF-1 in adjacent tissue. Our result seem to be incom-
patible with many earlier studies, which have shown a substantial in-
fluence of SDF-1 on disease progression, migration of PCa cells and
formation of metastasis [57.59 61.69-74]. Moreover, SDF1 gene poly-
morphism have been associated in case of PCa with the advanced disease
development with presence of bone metastasis |75]|. However, SDF-1
secreting MSC could be double-edged sword in case of neoplastic dis-
ease and not only promote but also inhibit cancer progression [76].
Their appearance in tumor microenvironments may be also related to
secretion of different from SDF-1 factors, such as inhibitors of matrix
metalloproteinases or of the STAT3 signaling pathway and to suppres-
sion of cancer progress consequently |77-79], In case of our investigated
it is possible that detected high SDF-1 might be related to the presence of
high MSC population, which secretes another, anit-tumoric cytokines
leading to disease stabilization, absent in cases with lower stromal level
of SDF-1. Furthermore, the prostate cancer is very heterogeneous dis-
ease, what could implicate results different from earlier studies.

In our study has been also detected higher intracellular SDF-1
expression in PCa in regard to normal prostate cells and in PCa with
lower Gleason grade. Recently, similar observation have been per-
formed by another authors [69]. Moreover, Delongchamps et al. showed
recently that SDF-1 level increase from the tumor center to the distant
area of tumor and is associated with high CXCR4 expression at the tumor
front [80]. PCa cells may start to secrete SDF-1 too to maintain and to
increase the proangiogenic stimulation at the autocrine way in the
course of a disease, primarily in high differentiated cells. However, the
our research was associated with a number of limitations such as pre-
cision of used methods or sample numbers, the future studies are needed
to better understanding role of SDF-1 in PCa pathogenesis .

Additionally, the mechanism of SDF-1 ligand binding to its receptor,
CXCR4 initiates multiple signaling pathways, leading to angiogenesis
regulation, cell invasion and growth, apoptosis inhibition [50]. Cheng
and colleagues have suggested that CXCL12/CXCR4 complex induces
the EMT process in gastric carcinoma cells and is supported by the
activation of ¢-MET pathway [41]. Increasing number of scholars
accentuated the role of SDF-1/CXCR4/CXCR7 axis in initiation of
metastasis and prognosis [28]. In current study higher ability to promote
prostate disease progression revealed SDF-1/CXCR7 pathway. The both
SDF-1 and CXCR7 proteins participate in lymph node metastases for-
mation and they posse confirmed association between their stromal and
cytoplasmic expression, respectively.

5. Conclusion
To the best of our knowledge, this is the first published paper

investigating expression of SDF-1 chemokine and its receptors CXCR4
and CXCR7 in relation to EMT in both benign and malignant FFPE

prostate tissue measured by IHC. Our results highlighted potential role
of SDF-1, CXCR4 and CXCR7 in acquiring the malignant phenotype of
tumor cells in PCa and may constitute potential therapeutic target in
aggressive form of disease.
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Abstract

The chronic inflammation influences a microenvironment, where as a result of losing control
over tissue homeostatic mechanisms, the carcinogenesis process may be induced. Inflam-
matory response cells can secrete a number of factors that support both initiation and pro-
gression of cancer and also they may consequently induct an epithelial-mesenchymal
transition (EMT), the process responsible for development of distant metastasis. Macro-
phage migration inhibitory factor (MIF) acts as a pro-inflammatory cytokine that is consid-
ered as a link between chronic inflammation and tumor development. MIF can functionas a
modulator of important cancer-related genes expression, as well as an activator of signaling
pathways that promotes the development of prostate cancer. The study was performed on
FFPE tissues resected from patients who underwent radical prostatectomy. To investigate
the relationship of studied proteins with involvement in tumor progression and initiation of
epithelial-to-mesenchymal transition (EMT) process, we selected clinicopathological param-
eters related to tumor progression. Immunchistochemical analyses of MIF, SOX-4, B-cate-
nin and E-cadherin were performed on TMA slides. We found a statistically significant
correlation of overall B-catenin expression with the both lymph node metastasis (p<0.001)
and presence of angioinvasion (p = 0.012). Membrane B-catenin expression was associated
with distant metastasis (p = 0.021). In tum, nuclear MIF was correlated with lymph node
metastasis (p = 0.003). The positive protein-protein correlations have been shown between
the total B-catenin protein expression level with level of nuclear SOX-4 protein expression (r
=0.27; p<0.05) as well as negative correlation of B-catenin expression with level of nuclear
MIF protein expression (r = -0.23; p<0.05). Our results seem promising and strongly high-
light the potential role of MIF in development of nodal metastases as well as may confirm an
involvement of B-catenin in disease spread in case of prostate cancer.
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Introduction

Prostate cancer (PCa) is the most common malignancy as well as the fifth cause of cancer-
related death among men worldwide [1]. In 2020, it was estimated approximately 191,930 of
PCa new cases and 33,330 of PCa-related deaths occurred in the United States [2]. The PCa
incidence rate varies depending on genetic, hormonal-dependent and environmental aspects.
Besides, the PCa prevalence and mortality rate are associated with elderly age and the average
age at the time of diagnosis is above 65 years [1].

PCa still remains a highly treatable neoplasm if it is diagnosed as localized disease at its an early
stage and constantly monitored [3]. These patients could be usually treated by radical prostatec-
tomy or radiotherapy, which guarantee a successful treatment outcome in most cases. However,
the National Cancer Institute indicated that the lymph node metastasis are observed in 12% of
PCa patients at the time of diagnosis [4]. Additionally, by the significant proportion of patients
the PCa undergo progression to a highly advanced, metastatic stage of disease for which treatment
options are limited and the prognosis is uncertain [5]. Based on the Surveillance, Epidemiology,
and End Results Program (SEER) database, the 5-year relative survival rate for PCa cases with
localized and regional stage is at 100%, whereas at the metastatic stage the level is only 29% [6].

Solid tumors, such as PCa grow in hypoxic conditions, which are characterized by inade-
quate blood flow and impaired tumor vessels [7]. These conditions and mutations in the
CTNNBI gene may lead to activation, accumulation and nuclear translocation of B-catenin
[8]. In the consequence there are activated or deactivated specific targets such as transcription
factors, cell-surface and cytoskeletal proteins, extracellular matrix degradation enzymes
(ECM-degrading enzymes) and specific microRNAs, leading to deregulation of cell prolifera-
tion management and inhibition of apoptosis [9]. Described process is called an epithelial-
mesenchymal transition (EMT), during which cells lose their epithelial features responsible for
cell-to-cell adhesion inter alia as a result of losing of epithelial markers and gain mesenchymal
properties. Consequently, initiation of the EMT process results in the cell phenotype changes.
The downregulation of epithelial markers, in particular E-cadherin, leads to destruction in cell
junction proteins and in consequence to loss of the stable epithelial polarized phenotype of the
involved cells. Morcover, they gain mesenchymal markers, like N-cadherin, Vimentin or
Fibronectin etc. and ability to migration from their origin place, through modulating signal
transduction pathways, such as Wnt/B-catenin and TGF-p pathway, as well as EMT transcrip-
tion factors: zinc finger E-box binding homeobox (Zeb 1/2) and Snail [10, 11]. The cells with
mesenchymal phenotype present invasive and metastatic potential as well as they acquire stem-
ness status (ability to self-renew and differentiate) or also chemoresistance properties [12, 13].

Critical point of the EMT constitutes Wnt/[-catenin signal transduction pathway, where [3-
catenin acts as a central effector of multiple running separately cellular processes [11]. p-cate-
nin forms catenin-cadherin complex due to binding to the major component of cell-cell adhe-
rens junctions (AJ), a membrane anchored E-cadherin, thus enabling modulation of localized
cytoskeletal remodeling [14-16]. Mechanism of forming catenin-cadherin communication in
AJ ensures -catenin stabilization and protects it from proteasomal degradation [17, 18]. Loss
of E-cadherin leads to collapse of cell-cell connections through spontaneous disruption of A]
and to B-catenin detachment from the cell adhesion complex [19]. Free membrane -catenin
released into the cytoplasm may eventually be translocated to the cell nucleus [11, 19]. p-cate-
nin nuclear translocation is driven through Wnt/B-catenin pathway in cooperation with curly
receptors and LRP5/6 co-receptors [20], resulting in the repression of glycogen synthase kinase
3B (GSK3), which is responsible for ubiquitination of B-catenin together with proteasomal
degradation through its phosphorylation and p-catenin stabilization [21]. Transport of B-cate-
nin to the cytoplasm area or nucleus can recruit and stimulate downstream transcription
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factors of TCF4, thus promoting cell proliferation and tumorigenesis [20, 22]. Stabilized -
catenin is accumulated in cell nucleus, where as a cofactor it interacts with the high-mobility-
group (HMG) box family of T-cell factor (TCF)/lymphoid enhancer factor (LEF) transcription
factors to modulate target genes of the Wnt pathway [23, 24].

Previous studies showed that transcription factor Sry-related HMG-BOX gene 4 (SOX-4)
interacts with members of TCF/LEF family via its HMB domain, which regulates stability of
these proteins and therefore indirectly also stability of nuclear translocated -catenin, which is
in turn modulated via TCF/LEF complex [25]. Moreover, the study with gain- and loss-of-
function have demonstrated that the SOX-4 may be responsible for enhanced B-catenin/TCF
activity and the tumor cells proliferation of SW480 colon carcinoma cell lines [25].

Furthermore, the latest study confirmed that SOX-4 constitutes a crucial point in metastatic
progression. Under normal physiological conditions, SOX-4 belonging to sex-determining
region Y (SRY) box family with special DN'A-binding domain (DBD) in HMG [26] functions
as a transcription factor, involved in maintenance of pluripotency in stem cells and wide range
of developmental processes, such as embryogenesis, development of the central as well as
peripheral nervous system, heart, osteoblastic, thymocytes and differentiation of lymphocytes
[27-30]. Moreover, SOX-4 is critical in directing cell fate [31]. Recent studies have also
reported that SOX-4 is associated with tumorigenesis and shows higher expression in human
malignant tumors, such as prostate cancer [32], colorectal cancer [25], breast cancer [33], lung
cancer [34], gastric cancer [35]. Nevertheless, in some tumors, like melanoma [36] or bladder
cancer [37] SOX-4 can behave as a tumor suppressor, promoting cell cycle arrest and apoptosis
[31]. Interestingly, there are some studies confirming the interactions between the canonical
Wnt/B-catenin signaling pathways and the both SOX-4 as well as a Macrophage migration
inhibitory factor (MIF). Currently, many researchers are focused on the inflammation-
induced EMT process in various types of cancers. Previous studies have shown MIF as a poten-
tial molecular link between chronic inflammation and cancer [38]. Additionally, in pancreatic
ductal adenocarcinoma, MIF was found to prompt the transition from epithelial phenotype to
mesenchymal state of cancer cells [39]. However, MIF-induced activation of EMT has not
been confirmed in prostate cancer patients.

MIF generally functions as a multipotent cytokine involved in regulation of immune and
inflammatory responses as well as in certain pathological situations including atherosclerosis,
rheumatoid arthritis, systemic lupus erythematosus, inflammatory bowel disease, psoriasis and
diabetes [40-42]. MIF expression was found in both extracellular and intracellular cell area.
The extracellularly MIF was found to be involved in cell proliferation, adhesion, invasion and
homeostasis control, while intracellularly MIF is associated with ¢-Jun activation domain
binding protein-1 (JAB1), the tumor suppressor protein p53 and thiol protein oxidoreductase
(TPOR) [43]. MIF is secreted upon inflammatory and stress stimulation by immune, paren-
chymal and tumor cells [40]. Furthermore, MIF affects the tumor microenvironment facilitat-
ing proliferation and growth through promotion of angiogenesis necessary for maintaining
tumor growth [26,44]. Bando et al., in their cohort study, have examined the upregulation of
nuclear MIF in breast [45], whereas Verjans and colleagues have shown that the intracellular
MIF is related to beneficial properties, while the extracellular MIF was involved in promoting
breast cancer cell-stroma interactions [43]. Aberrant expression of MIF protein was observed
also in many other types of cancers, such as colon [46, 47], melanoma [48], glioblastoma [49],
lung adenocarcinomas [50], renal cancer [51], urothelial cancer [52], pancreas carcinoid [39],
thyroid cancer [53] as well as prostate cancer [54].

Altered subcellular expression of MIF, SOX-4, B-catenin and E-cadherin may significantly
contribute to tumor aggressiveness. The associations between aforementioned proteins as well
as their clinicopathological significance in prostate cancer remains still not fully understood.
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This article focuses on the study of relationships between EMT related proteins and their clini-
copathological aspect.

Material and methods

The research was approved by the Bioethical Commission of Collegium Medicum in Bydgoszcz
of the Nicolaus Copernicus University in Torun, Poland (decision number: KB 248/2019). The
eighty five patients of the Department of General and Oncological Urology, Collegium Medi-
cum in Bydgoszcz, Nicolaus Copernicus University in Torun (Poland) with confirmed PCa
were enrolled in the current study. The participants underwent radical prostatectomy between
January 2017 and December 2019. All attendees have provided the written, signed and dated
informed consent form. The patients’ medical records have been completely anonymized to
protect the identity of participants, before including to the research.

Tissue specimens

The present study was concerned on immunohistochemical evaluation of protein levels per-
formed with Formalin-fixed paraffin embedded (FFPE) specimens of eighty five prostate can-
cers patients. The individual research stages have been conducted at the Department of
Clinical Pathomorphology, Collegium Medicum in Bydgoszcz, Nicolaus Copernicus Univer-
sity in Torun, Poland.

Histological evaluation of resected tumors was performed with hematoxylin-eosin- (H&E-)
stained slides to confirm diagnosis and choose representative tumor areas containing no less
than 80% of tumor cells. All samples were assessed by two pathologists who independently per-
formed histological stage classifications according to the 8" Edition American Joint Commit-
tee on Cancer (AJCC) Cancer Staging classification system [55], extending the current
research by defining a precise tumor location and Gleason pattern or score of extracapsular
tumor extension to show their significance in EMT. The tumor hallmarks noted in prostate
cancer areas were submitted to descriptive analysis.

Patients characteristics

The age of enrolled patients ranged from 52 to 81 and the median was 66 years. According to
the pathologic T stage, all patients was in advanced tumor stage following: pT3a was confirmed
in 40 individuals, pT3b in 39 and pT4 in 4. At the time of diagnosis, the positive lymph node
status was affirmed in 17 of cases, the positive distant metastasis occurred in approximately 9
of patients, whereas the presence of angioinvasion was found in 13 of tumor patients. Most
tumors manifested Gleason pattern 3+4 and 4+3 with frequency 36.5% and 23%, respectively.
Low proportion constituted specimens with Gleason pattern 5+4, 3+5, 3+3 and 4+4 at 3.5%,
5.9%, 8.2% and 9.4% level, sequentially. Samples with tumor invaded areas showing Gleason
score (GS) 7 were 59%, with GS8 were 15.3% and with GS9 were 16.5%. Differently, samples
with presence of cancer invasive foci that exceeded the capsule of prostate gland presented GS
8 with primary and secondary score of 4 (40%) and GS6 with primary and secondary score of
3 (28.2%). Detailed clinicopathological features of the patients with PCa that underwent the
study are summarized in Table 1.

Tissue microarray (TMA) construction and immunohistochemistry (IHC)
analysis

TMAs were produced by relocating of earlier marked representative tissue cores, obtained
from conventional paraffin block representing particular patient and arranged on a five-cores

PLOS ONE | https://doi.org/10.1371/journal.pone.0253112  June 22, 2021 4/25

64



PLOS ONE

Clinicopathological significance of the EMT-related proteins in prostate cancer

Table 1. Clinicopathological characteristics of identified participants.

Variables % of cases (N = 85)

Age <60 years 1.6

>60 years 824

Prostate weight <66g 70.6
664 27

Unk 24

Stage p'T according to TNM pT3a 47
pT3b 45.9

pT4 47

unk 1.2

Stage N according to TNM NO 80
N1 20

Stage M according to TNM MO 89.4
Mi 10.6

Gleason Score 6 8.2

7 58.8

8 15.3

9 16.5

unk 1.2

Gleason pattern 343 8.2
3+4 36.5

345 59
443 224

444 94
445 12.9

544 3.5

unk 1.2
Angioinvasion Nos 15.3
neg 83.5

Unk 12

Area of tumor extension Top of the gland R 100
L 100

R+L 100
Rightarea <50% 76.5
>50% 21.2

unk 24
Left area <50% 624
>50% 353

unk 2.4
Extraprostatic extension R 95.3

L 87

R+L 87
Seminal vesicle invasion R 44.7

L 54.1
R+L 44.7
(Continued)
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Table 1. (Continued )

Variables % of cases (N = 85)

Gleason score of extraprostatic extension 6 28.2
7 10.6

8 40

9 9.4

10 4.7

unk 7.1

Gleason score of extraprostatic extension 343 28.2
3+4 5.9

4+3 4.7

4+4 40

445 8.2

5+4 1.2

5+5 4.7

unk 7.1

unk- unknown; pos- positive; neg- negative; R- right area; L-left area.

hitps://doi.org/10.137 1/journal.pone.0253112.1001

recipient paraffin block. Reflecting the fact that small cores from PCa with such high morpho-
logical heterogeneity might not be representative for the whole affected tumor area, we decided
to use core diameters of 5 mm, including one core per patient was extracted from tumor area
and one core per patient from tumor-free areas, representing tissue control. The Gleason grad-
ing and score assessment were done.

TMA blocks were cut with a rotary microtome (Accu-Cut; Sakura, Torrance, CA, USA) to
4.0 wm thick paraffin sections and mounted onto either special adhesive slides (SuperFrost-
Plus, Thermo Scientific) for subsequent analyses The highest quality of microscopic evaluation
process was ensure by simultaneously performing of THC staining the both on TMA sections
(encompassing tumor and adjacent healthy tissue) and on a positive control material, recom-
mended by the producer or interactive database The Human Protein Atlas available from
https://www.proteinatlas.org [56]. Deparaffinization, rehydration and heat-mediated epitope
retrieval steps were done with a pH6 antigen retrieval solution in a PT-Link (Dako). The sec-
tions were subsequently incubated with the following primary antibodies;: rabbit monoclonal
antibody against -catenin (clone [E247], ab32572, Abcam, Cambridge, UK), rabbit monoclo-
nal antibody against E-cadherin (clone [EP700Y], ab40772, Abcam, Cambridge, UK), rabbit
polyclonal antibody against MIF (HPA003868, Sigma-Aldrich) and rabbit polyclonal antibody
against SOX-4 (ab86809, Abcam, Cambridge, UK). The samples were incubated with mono-
clonal antibodies for 25 minutes in 37°C, whereas the incubation time with polyclonal anti-
bodies needed to be extended to 15 h at 4°C. Characteristics of primary antibodies implicated
in the current study was presented in Table 2. Inmunohistochemical staining was performed

Table 2. Primary antibody characteristics.

Antibody Primary antibody Positive control according to antibody data sheet Cellular localization/expression in Catalog
dilution and Human Protein Atlas | prostate cancer tissue | number

B-catenin | 1:500 colon Membrane/cytoplasmic/nuclear ab32572

E- 1:500 colonic adenocarcinoma Membrane/cytoplasmic/nuclear ab40772

cadherin

MIF 1:500 Kidney Cytoplasmic/nuclear HPAO03868

SOX-4 | 1:100 testis | Cytoplasmic/nuclear | ab86809

https//doi.org/10.137 1/journal.pone.0253112.1002
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in a Benchmark GX Platform automated slide processing system (Ventana Medical Systems,
Tucson, AZ, USA) using the OptiView DAB IHC detection kit (Ventana Medical Systems)
according to the manufacturer’s instructions. EnVision FLEX-HRP (Dako) was used to detect
the antigen-antibody complexes. Finally, the sections were counterstained with Meyer’s hema-
toxylin, dehydrated in graded ethanols (80, 90, 96, 99.8%), cleared in series of xylenes (I-1V)
and sealed with a Dako Mounting Medium.

The immunohistochemical staining of MIF and SOX-4 was performed manually, using pri-
mary antibody against MIF as well as primary antibody against SOX-4 and independently
incubation overnight at 4°C. Additionally, the ZytoChem Plus (HRP) One-Step Polymer anti-
Mouse/Rabbit/Rat kit (Zytomed) was used to enhance detection signal of SOX-4/antibody
complexes. Proteins localization was visualized using DAB as a chromogen.

Criterion for positive immunohistochemical staining

The protein levels (B-catenin, E-cadherin, SOX-4 and MIF) were scored by protein localization
and intensity of IHC staining in malignant cellsusing light microscope ECLIPSE E800 (Nikon
Instruments Europe, Amsterdam, The Netherlands). The evaluation step was provided by two
independent, board-certified pathologist. Protein expressions were estimated, following the
Remmele and Stegner (1987) immunoreactive score (IRS), which is based on the ratio of
expression intensity and percentage of positively expressed cells. The staining intensity was
evaluated in 4-point scale (expression: negative-0, weak-1, moderate-2, strong-3) and 5-point
scale of percentage of positive tumor cells: 0, 1, 2, 3, 4 corresponded respectively to <10%, 10-
50%, 51-80% and >>80% of positive cells and giving the maximum result of 12.

Statistical analysis

All statistical analyses were performed using GraphPad Prism version 8 (GraphPad Software
Inc.) and Microsoft Excel 2007. The expression values of analyzed proteins were presented
25" percentile (25p), the median (M) and the 75 percentile (75p). Our data does not fit a spe-
cific distribution and therefore we used nonparametric statistical tests. The comparative stud-
ies were analyzed statistically using the U Mann-Whitney (in case of two comparable groups)
and Kruskal-Wallis test (in case of three or more comparable groups). Spearman test were
used to investigate the relationship between protein levels and clinicopathological parameters:
age, tumor size, pathological tumor stage, Gleason pattern, total Gleason score, presence of
lymph node or distant metastases, presence of angioinvasion or plugs in the vessels as well as
invasion depth. The p-values below 0.05 were considered statistically significant.

Results

Cellular redistribution of immunohistochemically stained EMT-related
proteins in PCa

Immunohistochemical evaluation was provided considering protein subcellular localization
and IRS score.

The nuclear expression of B-catenin was exhibited in 61 (71.8%) of specimens, while in 82
(96.4%) specimens were displayed cytoplasmic expression of B-catenin. B-catenin membrane
staining was observed in 76 (89.4%) of cases. Membrane and cytoplasmic E-cadherin expres-
sion was confirmed in 98.8% (84) of specimens, in turn nuclear level of E-cadherin appeared
in 97.6% (83) of cases. Strong membrane expression of B-catenin and E-cadherin have been
found in normal glandular cells of adjacent healthy prostate tissues, and was treated as an
internal positive control. The positive cytoplasmic expression of MIF was detected in 83
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(97.6%) samples, and the positive nuclear MIF expression was assessed in 55 (64.6%) cases,
whereas in healthy adjacent prostate tissue the normal glandular and immune cells appeared a
strong cytoplasmic staining pattern of MIF protein and it was our internal IHC control.
Immunohistochemistry studies of 85 prostate cancer cases revealed also complete absence of
SOX-4 nuclear expression in 19 (22.4%) of specimens, weak SOX-4 nuclear expression in 61
(71.7%) and high nuclear expression of SOX-4 in 5 patients (5.9%). In contrast, the glandular
cells of adjacent healthy prostate areas showed lack or weak SOX-4 nuclear immunostaining
and they were accepted as a negative internal control (data of internal controls not shown;
instead of this, all proteins data was checked with interactive database of protein expression in
healthy tissue available from https://www.proteinatlas.org [56]).

The examples of all types of expression pattern of B-catenin and other EMT-related proteins
are presented in Fig 1. Microscopic samples analysis revealed the following: 1) The expression
pattern of B-catenin in tumor cells had mostly cytoplasmic character, what was associated with
a higher stage of PCa. 2) The reduced membrane B-catenin staining was related with higher
Gleason pattern and it mostly occurred with Gleason pattern 4+5 and 5+5. 4) The highest
membrane f-catenin expression occurred with Gleason pattern 3+3, primarily. 5) In extracap-
sular extension of PCa we noticed two mostly exhibited patterns, higher B-catenin expression
in relation with Gleason pattern 3+3 and lower B-catenin expression in relation with Gleason
pattern 4+4. 6) The highest membrane expression of E-cadherin in tumor glandular cells was
closely related to Gleason pattern 3+3 and to a lesser extent with Gleason pattern 4+5 and 5+4.
7) The decreased E-cadherin expression level in samples with the highest Gleason score. 8)
The nuclear-located E-cadherin expression was at the constant level.

The first aim of the current study was to determine the connection between investigated
EMT-related proteins and clinicopathological features of PCa. The clinicopathological associa-
tions of EMT-related proteins were presented in Figs 2-5.

Immunohistochemical analysis of overall B-catenin expression in PCa:
Clinicopathological associations

The U Mann-Whitney analysis revealed statistically significant correlation of overall B-catenin
expression with the presence of lymphovascular metastasis and angioinvasion, affirming its
participation in metastasis formation. The overall expression of B-catenin level was higher in
samples without infiltration of lymph nodes compared with samples with it (p<0.001; Fig 2A).
We marked an involvement of overall B-catenin expression in vascular invasion. PCa cells
showed the higher overall B-catenin expression in tumors with the presence of angioinvasion
in regard to the tumors without it(p = 0.012; Fig 2B). Similarly, we noticed elevated overall -
catenin expression in tumor samples with plugs of cancer cells in blood vessels compared to
samples without it(p = 0.027; Fig 2C).

Immunohistochemical analysis of membrane, cytoplasmic and nuclear -
catenin expression in PCa: Clinicopathological associations

Our study revealed the participation of membranous B-catenin expression of tumor cells in
formation of distant metastasis. Statistical analysis showed significant correlation of membra-
nous B-catenin expression with the presence of distant metastasis. The membranous B-catenin
expression was higher in samples without metastasis(p = 0.021; Fig 1E).

The cytoplasmic expression of B-catenin showed dependence neither with Gleason pattern
and Gleason score nor with the presence of lymph node and distant metastasis and angioinva-
sion. The nuclear B-catenin expression remained at the constant level without any correlation
with clinicopathological features. We observed that the nuclear B-catenin expression appeared
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Fig 1. Microphotograph presenting the EMT-related proteins expression in prostate cancer tissue. Representative
immunohistochemistry images presenting EMT-related proteins in TMA sections of prostate cancer tissue. A-white arrow
demonstrates membrane and nuclear B-catenin expression; B-white arrow demonstrates partially reduced membrane B-
catenin expression; C-white arrow demonstrates completely reduced membrane B-catenin expression; D-white arrow
demonstrates completely reduced membrane E-cadherin expression; E-white arrow demonstrates the nuclear E-cadherin
expression; F-white arrow demonstrates the cytoplasmic E-cadherin expression; G-white arrow demonstrates the nuclear
SOX-4 expression; H-white arrow demonstrates the nuclear MIF expression. Original magnification was x10 for A-H
figures. Nucleus counterstained with hematoxylin. Scale bar: 100 ym.

https://doi.org/10.1371/journal.pone.0253112.0001

in tumor areas related to Gleason pattern 4+4, primarily. Moreover, we found that tumor infil-
tration of left prostate gland area shows weak negative correlation with the membrane-located
[B-catenin (r = -0.36, p<0.05), the cytoplasm-located f3-catenin (r = -0.30, p<0.05) as well as
overall B-catenin expression (r = -0.33, p<0.05).

Data concerning correlations between B-catenin as well as other EMT-related proteins and
main clinicopathological features was presented in two parts: Tables 3 and 4. Additionally, the
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Fig 2. The graphic representation of results for general expression of B-catenin ined by IHC technique. The x-

axis shows individual clinicopathological features and the y-axis shows IRS score values for IHC staining. The p-value
<0.05 was considered as a statistically significant. Correlation between general B-catenin immunoexpression of PCa and
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data of correlations between investigated proteins and histological grading of tumor tissue
which has grown through the prostate contain Tables 5 and 6.

Immunohistochemical analysis of membrane and cytoplasm E-cadherin
expression in PCa: Clinicopathological associations

The analysis of protein expression and clinicopathological features showed that the cancer
invasion of the right surface of prostate gland negatively corresponded with cytoplasm-located
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Fig 3. The graphic representation of results for membrane expression of B-catenin examined by IHC technique.
The x-axis shows individual clinicopathological features and the y-axis shows IRS score values for IHC staining. The p-
value <0.05 was considered as a statistically significant. Correlation between membrane expression of -catenin and
distant metastasis (A) and infiltration of prostate capsule on the left side (B).

https://doi.org/10.1371/journal.pone.0253112.9003
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Fig 4. The graphic representation of results for membrane expression of E-cadherin examined by IHC technique.

The x-axis shows individual clinicopathological features and the y-axis shows IRS score values for IHC staining. The p-
value < 0.05 was considered as a statistically significant. Correlation between membrane expression of E-cadherin and

both sides infiltration of the prostate capsule (A).

https://doi.org/10.1371/journal.pone.0253112,9004

E-cadherin expression (r = -0.25, p<0.05) at low level, whereas tumor invasion of the left sur-
face of the prostate gland was negatively associated with the membrane-located expression of
E-cadherin (r = -0.26, p<0.05) at low level. Membrane expression of E-cadherin negatively cor-
responded with prostate weight (r = -0.23, p<0.05) at low level. In the specimens where tumor
infiltrated the both, right and left side of the gland, we observed significant decrease of mem-
brane E-cadherin expression level, than in specimens where tumor infiltrate only one side of
gland (p = 0.019; Fig 1F). Furthermore, the cancer cells invasion of the prostate gland left area
corresponded with the overall B-catenin expression at poor negative level (r = -0.33, p<0.05).

Immunohistochemical analysis of MIF and SOX-4 expression in PCa:
Clinicopathological associations

We found a statistically significant increase in nuclear expression of MIF between Gleason
score 7 and 8 (p = 0.039; Fig 1G). Moreover, we noted higher expression of nuclear MIF in
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Fig 5. The graphic representation of results for nuclear expression of MIF examined by IHC technique. The x-axis
shows individual clinicopathological features and the y-axis shows IRS score values for IHC staining. The p-value
<0.05 was considered as a statistically significant. Correlation between nuclear expression of MIF and Gleason score
(A) and presence of the lymph node metastasis (B).

https://doi.org/10.1371/journal.pone.0253112.g005
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Table 3. Correlation between expression of }-catenin and SOX4 and clinicopathological features of prostate cancer.

C.F. -catenin SOX4
gen cyt mem nuc nuc
Q M Qs Q M Qs Q M Qs Q M Qs Q M Qs

G.p. 3+3 8 12 12 4 6 9 6 9 12 2 4 4 0 0 2
3+4 12 12 12 4 6 9 6 6 9 3 4 4 2 3 4
3+5 6 8 12 3 3 6 3 6 6 1 4 4 2 2 2
4+3 8 8 12 3 3 6 6 6 6 2 4 4 2 2 4
444 4 7 10.5 4 6 6 5 6 6 3 4 4 1 2 3
4+5 8 12 12 4 6 6 4 6 8 1 4 4 2 2 4
5+4 6 8 12 4 4 12 6 6 9 2 5 6 2 2 2

p* ns ns ns ns ns
Gis. 6 8 12 12 4 6 9 6 9 12 2 4 4 0 0 2
7 8 12 12 4 6 8 6 6 9 2 4 4 2 3 4
8 6 8 12 3 6 6 4 6 2 4 4 2 2 3
g 8 12 12 4 6 6 4 8 2 4 4 2 2 3

p’ ns ns ns ns ns
T 3 12 12 12 6 6 6 8 8 8 4 4 4 = 3 4
3a 8 12 12 4 6 8 6 6 9 2 4 4 0 2 3
3b 8 12 12 6 6 6 6 8 2 4 4 2 3 4

4 10 12 4.5 6 9 6 7.5 9 1.5 3 5 2 25 3.5

P ns ns ns ns ns
N 0 12 12 4 6 6 6 6 9 2 4 4 2 2 4
1 8 9 3 4 6 4 6 6 2 4 4 2 2 3

P 0.0004 ns ns ns ns
M 0 8 12 12 6 6 6 6 9 2 4 4 2 2 4
1 8 9 12 6 6 4 6 6 1 4 4 0 2 3

p’ ns ns 0.021 ns ns
Ang (-) 12 12 4 6 6 6 2 4 1 2 2 1
(+) 8 12 4 6 2 4 1 2 2 2

p 0.012 ns ns ns ns
Plu (-) 6 12 12 3 6 6 6 6 2 4 4 2 2 4
(+) 6 8 12 3 5 8 G 2 4 2 2 3

P 0.027 ns ns ns ns

SOX4- Transcription factor SOX-4; gen- general expression; cyt- cytoplasmic expression; mem- membrane expression; nuc- nuclear expression; C.F.- Clinical Feature;

G.p.- Gleason pattern; G.s.- Gleason score; T- T stage according to TNM classification; N- N stage according to TNM classification; M- M stage according to TNM

classification; Ang- Presence of the angioinvasion; Plu- Presence of plugs of cancer cells in vessel, p-v- p-value; (+) -present; (-)-absent. Q1—the first quartile; M-

Median; Q3—the third quartile; ns- non significant

* Kruskal-Wallis Test

** Mann-Whitney U test.

https//doi.org/10.137 1/journal.pone.0253112.1003

samples with the presence of lymphovascular metastasis-N1 in comparison to samples without
lymphovascular metastasis-NO (p = 0.003; Fig 1H). We displayed that age has a negative associ-
ation with nuclear expression of MIF (r = -0.24, p<0.05) at weak level. Also, in PCa with infil-

tration both right and left area of the gland, we revealed a significant increase in the

cytoplasm-located MIF (p = 0.011) and nuclear-located MIF (p = 0.044), than in samples
where tumor infiltrate only one side of the gland.

Additionally, we showed that SOX-4 has no correlation with any clinicopathological fea-
tures and it is our unexpected result.
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Table 4. Correlation between expression of MIF and E-cadherin and clinicopathological features of prostate cancer.

C.F. MIF E-cadherin
oyt nuc gen mem Cyt nuc
Q M QG | M Q| Q M QG | & M Qs Q M QG | U M Qs
G.p. 3+3 8 8 8 0 0 6 12 12 12 6 9 12 8 8 12 4 4 6
3+4 8 12 12 4 6 12 12 12 6 9 9 8 12 12 6 6 6
345 12 12 12 9 9 12 12 12 12 6 9 9 12 12 12 6 8 9
4+3 8 12 12 0 4 [ 8 12 12 6 9 9 8 12 12 4 6 6
4+4 6 10 12 3 5 8 8 12 5 6 9 8.5 10.5 12 6 6 7.5

445 8 12 12 0 6 9 12 12 12 6 6 9 8 8 9 4 6 8
544 3 12 12 0 6 12 12 12 12 6 9 9 12 12 12 6 6 9

p" ns ns ns ns ns ns
Gs. 6 8 8 8 0 6 12 12 12 6 9 9 8 12 12 4 6 6
7 8 12 12 0 4 6 12 12 12 6 9 2 8 12 12 4 6 6
8 8 12 12 4 6 12 8 12 12 6 6 9 9 12 12 6 6 B
9 8 12 12 0 9 12 12 12 6 6 9 8 9 12 6 6 8

P’ ns 0.039 ns ns ns ns
T 3 8 8 8 0 0 12 12 12 9 105 12 6 7.5 9 6 6 6
3a 8 10 12 0 4 6 12 12 12 6 8 9 8 12 12 4 6 8
3b 8 12 12 0 6 9 9 12 12 6 9 8 12 12 4 6 6
12 12 12 0 3 9 12 12 12 6 7.5 9 10.5 12 5 6 7

P ns ns ns ns ns ns
N 0 8 12 12 0 3.5 6 12 12 12 6 9 8 12 12 4 6 6
1 8 12 12 6 6 12 8 12 12 6 6 9 8 9 12 6 6

p* ns 0.003 ns ns ns ns
M 0 8 12 12 0 4 6 12 12 12 6 9 9 8 12 12 6 6
1 6 12 12 5 6 9 8 12 12 6 6 9 8 9 9 4 6

p** ns ns ns ns ns ns
Ang (-) 8 12 12 0 4 6 12 12 12 6 9 9 8 12 12 4 6 6
(+) 6 8 12 0 6 9 8 12 12 6 9 9 8 12 12 6 6

p’ ns ns ns ns ns ns
Plu (-) 6 12 12 0 4 6 8 12 12 6 9 9 8 12 12 6 6 6
(+) 6 10 12 0 6 9 8 12 12 6 9 9 8 12 12 6 6 6

P ns ns ns ns ns ns

MIF- Macrophage migration inhibitory factor; gen- general expression; cyt- cytoplasmic expression; mem- membrane expression; nuc- nuclear expression; C.F.-
Clinical Feature; G.p.- Gleason pattern; G.s.- Gleason score; T- T stage according to TNM classification; N- N stage according to TNM classification; M- M stage
according to TNM classification; Ang- Presence of the angioinvasion; Plu- Presence of plugs of cancer cells in vessel, p-v- p-value; (+) -present; (-)-absent. Q1—the first
quartile; M- Median; Q3—the third quartile; ns- non significant

* Kruskal-Wallis Test

“* Mann-Whitney U test.

hitps://doi.org/10.1371/journal.pone.0253112.1004

The co-expressions between B-catenin, E-cadherin, SOX-4 and MIF
proteins

The interactions between investigated proteins provide valuable information about the natures
of the interacting proteins. Our protein co-expression analysis suggests novel insight into -
catenin-E-cadherin-SOX-4-MIF inter-factor dependence. Correlations between individual
proteins were measured based on increasing or decreasing levels in various cell locations. The
correlations between studied proteins were included in Fig 6.
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Table 5. Correlations between B-catenin, SOX-4 and invasion area and histological grading of tumor tissue which has grown through the prostate.

C.F. P-catenin SOX4
gen cyt mem nuc nuc
Q, M Q, Q M Qs Q M Qs Q M Q, Q M Qs
oPC R (+) 8 12 12 4 6 6 6 6 9 2 4 4 2 2 3
(-) 8 12 12 3 6 8 6 6 9 2 4 4 0
P ns ns ns ns ns
L (+) 8 12 12 3 6 6 6 6 9 2 4 4 2
(-) 8 12 12 4 6 7 6 8 9 2 4 4
P’ ns ns 0.028 ns ns
B (+) 8 12 12 4 6 6 4 9 4 4 2 2
() 8 12 12 3 6 8 6 9 2 4 4 0 2 3
p’ ns ns ns ns ns
PA R (+) 8 12 12 4 6 6 6 9 3 4 2 2
(-) 8 8 12 3 4 6 6 6 6 2 4
p’ ns ns ns ns ns
L (+) 12 8 12 6 3 6 6 6 9 4 2 4 3
(-) 12 12 12 6 4 8 8 6 9 4 4 4 4
P ns ns ns s ns
B (+) 8 12 12 3 6 6 6 6 9 2 4 4 2 2
() 8 12 12 4 6 6 6 6 9 4 4 0 2
)l ns ns ns ns ns
sV R (+) 8 12 12 3 6 6 8 2 4 4 2 2.5 4
(-) 8 12 12 4 6 6 6 9 2 4 4 0 2 3
p’ ns ns ns 8 ns ns
L (+) 8 12 12 3 6 6 6 6 9 2 4 4 2
(@) 8 12 12 4 6 8 6 6 2 4 4 0 3
P ns ns ns ns ns
B (+) 12 8 12 6 3 6 6 6 8 4 2 4 3 2 4
(-) 12 8 12 6 4 6 6 6 9 4 2 3
P ns ns ns ns ns
Gp” 3+3 8 12 12 4 6 8.5 6 § 10.5 2 4 4 2 2 4
3+4 12 12 12 6 9 9 6 6 9 4 4 6 3 4 4
4+3 10 12 12 4 5 7.5 6 6 7.5 3 4 4 0 1.5 55
444 8 10.5 12 3 6 6 6 6 6 2 4 4 2 2 3
445 8 12 12 3 6 6 2 4 8 0 4 4 0 2 3
5+4 12 12 12 4 4 4 6 6 6 4 4 4 2 2 2
545 8 8 10 35 4 6.5 4 6 6 1 3 4 1 2 3
p' ns ns ns ns ns
Gs.' 6 8 12 12 4 6 85 6 8 10.5 2 4 4 2 2 4
7 12 12 12 6 6 9 6 6 9 4 4 4 0 3 4
8 8 10.5 12 3 6 6 6 6 6 2 4 4 2 2 3
9 8 12 12 35 5 6 3 5 7 2 4 4 1 2 25
10 8 8 10 35 4 6.5 4 6 6 1 3 4 1 2 3
P’ ns ns ns ns ns

SOX4- Transcription factor SOX-4; gen- general expression; cyt- cytoplasmic expression; mem- membrane expression; nuc- nuclear expression; Q1—the first quartile;
M- Median; Q3—the third quartile, iA- invaded Area; oPC- outside the prostate capsule, PA- the apex of prostatic gland; SV- seminal vesicles; R- on the right side, L- on
the left side; B- on the both sides p-v- p-value; (+) -invasion; (-)-without invasion.; ns- non significant; G.p.- Gleason pattern; G.s.- Gleason score; p-v- p-value; Q1—the
first quartile; M- Median; Q3—the third quartile; ns- non significant

* Kruskal-Wallis Test.

https://doi.org/10.1371/journal.pone.0253112.t005
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Table 6. Correlations between MIF and E-cadherin and invasion area and histological grading of tumor tissue which has grown through the prostate.

Features MIF E-cadherin
cyt nuc Gen Mem cyt nuc
Q | M| Q | Q M | Q | Q | M| Q | Q M Q | Q M Qs Q | M | Q
oPC R (+) 8 12 12 0 4 6 12 12 12 6 8.5 9 8 3 12 4 6 6
(-) 8 12 0 3 9 12 12 12 6 9 9 12 12 4
p* ns ns ns ns ns ns
L (+) 8 12 12 0 4 9 12 12 12 6 9 9 8 12 12 4
(-) 8 8 12 0 1.5 5 12 12 12 6 9 9 8 12 12 6 6
p’ ns ns ns ns ns ns
B (+) 12 12 12 3 5 9 8 12 12 6 9 9 12 4 6
() 8 8 12 0 3 6 12 12 12 9 9 8§ 12 12 6
p 0.022 ns ns 0.027 ns ns
PA R (+) 8 12 12 0 4 6 12 12 12 9 9 8 12 12 4 6 6
() 4 8 12 0 4 9 12 12 12 9 9 8 12 12 4 6 8
p’ ns ns ns ns ns ns
L (+) 12 8 12 4 0 6 12 8 12 6 9 12 8 12 6 4
() 8 8 12 35 0 9 12 12 12 6 12 12 8 12 6 6
p' ns ns ns ns ns ns
B (+) 8 12 12 0 4 6 8 12 12 6 9 9 12 12 4 6 6
() 8 12 0 4 12 12 12 9 9 8 12 12 4 6
p ns ns ns ns ns ns
MY R +) 8 12 12 0 5 9 8 12 12 6 9 9 8 10,5 12 4 6 6
(-) 8 12 12 0 4 6 12 12 12 6 8 9 8 12 12 4 6 6
p' ns ns ns ns ns ns
L (+) 8 12 12 0 4 6 9 12 12 6 9 9 9 9 12 6 8 9
() 8 12 12 0 4 6 12 12 12 6 9 9 8 12 12 6 6 9
p ns ns ns ns ns ns
B (+) 12 8 12 4 0 9 12 8 12 9 6 9 9 8 12 4 6 6
(-) 12 8 12 4 0 12 12 12 9 6 9 12 8 12 4 6 6
P ns ns ns ns ns ns
G.p” 343 8 10 12 0 35 5 12 12 12 6 9 9 8 12 12 5 6 6
3+4 8 12 12 0 0 4 12 12 12 8 9 12 8 12 12 4 6 6
4+3 3 4 6 0 4.5 9 8 10 12 6 7.5 9 8 10 12 5 6 6
444 8 12 12 3 5 9 8 12 12 6 9 9 8 12 12 4 6 6
445 8 12 12 0 6 9 12 12 12 4 6 9 8 8 9 4 6 9
5+4 12 12 12 6 6 6 12 12 12 6 6 6 12 12 12 9 9 9
545 35 6 8 0 0 0 8 10 12 4.5 7 8.5 9 12 12 5 9 12
p' ns ns ns ns ns ns
G 6 8 10 12 0 3.5 5 12 12 12 6 9 9 8 12 12 5 6 6
7 4 8 12 0 0 9 12 12 12 6 9 9 8 12 12 4 6 6
8 8 12 12 3 5 9 8 12 12 6 9 9 8 12 12 4 6 6
9 8 12 12 0 6 9 12 12 12 5 6 9 8 8 10.5 5 6 9
10 3.5 6 8 0 0 0 8 10 12 4.5 7 8.5 9 12 12 5 9 12
P ns ns ns ns ns ns

MIF- Macrophage migration inhibitory factor; gen- general expression; cyt- cytoplasmic expression; mem- membrane expression; nuc- nuclear expression; Q1—the
first quartile; M- Median; Q3 —the third quartile, iA- invaded Area; oPC- outside the prostate capsule, PA- the apex of prostatic gland; SV- seminal vesicles; R- on the
right side, L- on the left side; B- on the both sides p-v- p-value; (+) -invasion; (-)-without invasion.; ns- non significant; G.p.- Gleason pattern; G.s.- Gleason score; p-v-
p-value; Q1 —the first quartile; M- Median; Q3—the third quartile; ns- non significant

* Kruskal-Wallis Test.

https://doi.org/10.1371/journal. pone.0253112.t006
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hi h

Fig 6. Correlation heat map of proteins expression data edbyi y. Spearman’s rank
correlation coefficient was calculated among 110 compilations of protein expression levels. The degrees of correlation
are color-coded. The color key designates the correlation was statistically significant. As a statistically significant was
considered p-value < 0.05. Red color shades indicate a positive proteins carrelation, whereas blue color shades indicate
negative proteins correlation. B-catenin, Transcription factor SOX-4, Macrophage migration inhibitory factor and E-
cadherin were designated Beta-catenin, SOX-4, MIF, E-cadherin, respectively. Protein correlations are presented
taking into account cellular localization. General, cytoplasmic, membrane and nuclear expressions were signed as gen,
cyt, mem, nun, respecli\'el)'.

https://doi.org/10.1371/journal pone,0253112.g006

Regarding to the Spearman rank coefficient, the positive association was detected between
the both overall B-catenin and E-cadherin expression (r = 0.28, p<.0.05) and also between the
both membrane expression level of f-catenin and E-cadherin (r = 0.36, p<0.05).

Next, we focused on checking the relation of SOX-4 transcription factor as well as MIF
cytokine with other EMT-related proteins to show their possible impact on metastasis initia-
tion. Consequently, we displayed a weak positive correlation between total B-catenin protein
expression with level of nuclear SOX-4 protein (r = 0.27; p<0.05) and weak negative correla-
tion of total -catenin expression with level of nuclear MIF protein expression (r = -0.23),
p<0.05). Accordingly, we supposed that MIF and SOX-4 factors may cooperate in acquiring
invasive properties by tumor cells in prostate malignancies. However, we were unable to con-
firm immunohistochemically this relationship.

Discussion

Loss of cell-cell adhesion capacity permits the malignant cells to detach and leave the primary
tumor location. In turn, changes in cell-matrix interaction allow the tumor cells to occupy the
neighbouring stroma. Saha et al, have detected homogenous membrane expression of E-cad-
herin and p-catenin in benign prostatic hyperplasia (BPH) at similar frequency pattern,
whereas in primary PCa, it was significantly reduced. Interestingly, a similar expression and
frequency pattern of E-cadherin and B-catenin as in BPH was presented in invasive cells of
PCa with bone metastasis [57]. Likewise, in our study we observed a particularly reduced E-
cadherin and B-catenin membrane pattern in relation to Gleason pattern 4+5 or 5+4 and 4+5
or 5+5, respectively. Invasive cells that exceeded the capsule of the prostate gland exhibited
higher membrane f3-catenin pattern in areas with Gleason pattern 3+3 and lower expression in
areas with Gleason pattern 4+4. The invasive potential of malignant cells is required to dissoci-
ate from the primary tumor cluster. Next, displaced tumor cells may invade surrounding or
distant stroma and no longer require invasive phenotype. The enhanced f-catenin nuclear
translocation may activate or deactivate specific targets and stimulate a transcription factors
changing cell phenotype from epithelial into mesenchymal [9, 12]. In current study, the
nuclear B-catenin expression remained at the constant level without any correlation with clini-
copathological features. Interestingly, we observed that translocation of B-catenin to the
nucleus was present primarily in tumor areas related to Gleason pattern 4+4. The increasing
aggressiveness of tumors seems to be connected with the redistribution of beta-catenin in
tumor cells. This event was related to the passage of membrane-located B-catenin to the
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intracellular area of the tumor cells. We revealed that in our tumor samples there were only
hotspots showing the transition of B-catenin from cell to cell boundaries to the cytoplasm.
Probably, during the assessment of protein expression in individual sample we should focus
on evaluating the several specific hotspots to standardize the results.

In most epithelial cancers the both E-cadherin and B-catenin repression is followed by tran-
scriptional silencing provided by cooperating with EMT transcription factors (EMT-TFs). The
SOX-4 may be one of the numerous EMT-TFs necessary for initiation of cytoskeletal rear-
rangements and supporting the multi-step metastasis process. Here, we report a weak correla-
tion between the total expression of f-catenin and nuclear expression of SOX-4 protein
(r=0.27; p<0.05). Indeed, it appeared in evidence that (-catenin level was weak negative cor-
related with the nuclear MIF (r = -0.23, p<0.05). It demonstrated that MIF as a proinflamma-
tory cytokine may actively participate in stimulating signal transduction pathways involved in
EMT, controlling the acquisition of invasiveness features by tumor cells and facilitating metas-
tasis processes. Previous studies have provided that E-cadherin, as same as B-catenin, effec-
tively influences on enhancing tumor progression and has effect on converting to its
metastatic form [58-60]. Chang et al. showed that metastasis of prostate cancer cells to lymph
nodes expressed less E-cadherin level than primary PCa [61]. Multiple studies have linked loss
of membrane E-cadherin in PCa associated with the acquisition of invasive properties [62].
Jaggi et al,, in their semi-quantitative immunohistochemistry analysis, have shown the reduc-
tion of immunostaining for the both B-catenin and E-cadherin in PCa compared to normal
glandular epithelium. The decrease of B-catenin and E-cadherin expressions were accompa-
nied by rising tumor invasiveness [63, 64]. Moreover, Horvath et al. demonstrated that low
level of nuclear f-catenin expression of the tumor cells in the early diagnosed PCa is a marker
related with highly poor prognosis in patients, among who the prognosis seemed to be promis-
ing and those patients were classified into radical prostatectomy [65]. Admittedly, we did not
find any correlations between E-cadherin and the presence of lymph nodes or distant metasta-
sis, however it is indisputable that loss of E-cadherin is highly associated with metastasis capa-
bility in PCa. Otherwise, we revealed that reducing of the membranous E-cadherin in prostate
epithelium may influence the enlargement of gland neoplasm. Some studies have demon-
strated a direct interaction between SOX-4 and B-catenin [25, 66]. The SOX-4 transcription
factor has been shown to enhance the cell proliferation in SW480 colon cancer cell lines
through stabilization of B-catenin activated aberrant Wnt signaling pathways [25]. Our study
suggested the expression level of 3-catenin was probably activated by a transcription factor
SOX-4, leading to changes in subcellular localization of B-catenin in PCa. Stimulation of -
catenin located in cell membrane via SOX-4 transcription factor may lead to translocation of
B-catenin to cytoplasm or partially to the nucleus, initiating the cell phenotype transformation
from epithelial to mesenchymal state. Hence, knockdown of endogenous SOX-4 notably
decreases the migration and invasion ability of tumor cells in vitro, thereby leads to reverse of
the EMT cascade by increasing E-cadherin [67]. Birdal et al. have demonstrated in the in vivo
study that Sox4 deletion affects on decreasing of active B-catenin level [68]. It is consistent
with our findings confirming that SOX-4 may be responsible for regulation of the 3-catenin
signaling pathway, by influencing on B-catenin in tumor cells. Makoto and colleagues have
shown that SOX-4 has a positive impact on the -catenin signal transduction through changes
in TCF4 expression during the morular differentiation of endometrial carcinoma cells, thus
providing the proliferation arrest [69]. There are a lot of publications showing the role of SOX-
4 in promotion of EMT and confirming its strong involvement in acquisition of aggressiveness
and invasiveness. Moreover, the SOX-4 transcription factor may be involved in controlling
many issues of tumor expansion in different types of cancer. Many scholars have confirmed
the participation of SOX-4 transcriptional factor in the PCa progression showing its
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relationship with high Gleason score (p = 0.009) and the presence of distant metastasis

(p = 0.023) [70]. The study on colon cancer, where the nuclear SOX-4 overexpression was
closely corresponded with tumor invasion and distant metastasis [71], has been proved the
crucial role of SOX-4 protein in tumor development and EMT initiation. Consequently, Liu P.
et al. in their study on PCa cells also have shown that the both at the mRNA and protein level,
SOX-4 was highly correlated with Gleason score [72]. Unexpectedly, our Spearman correlation
analysis revealed no association between the SOX-4 protein and any clinicopathological fea-
tures. We considered the discrepancies between results of current and previous studies as a
consequence of dissimilarity of applied protein detection techniques, different antibody clones
available to protein detection, IHC visualization kits and multifocal character of PCa. The high
genomic diversity degree and morphological heterogeneity of prostate neoplasm make it diffi-
cult to obtain a repeatable results of immunohistochemical staining and microscopic analysis.
A thin tissue cores may not be representative for whole cancer areas.

Our next aim was to investigate the role of inflammation in promotion of EMT in prostate
adenocarcinoma. Recent studies focused on inflammation-induced epithelial cell injury have
shown the fundamental role of inflammation in initiation and progression of prostate cancer
[73]. MIF is one cytokine with T lymphocyte origin that presumably participates in an
immune mechanism related to cancer microenvironment [74]. Activated T cells secrete a MIF
factor that has impact on cell mitosis and initiate transformation of cells to malignant pheno-
type, thereby facilitating tumor progression [74, 75]. Meyer-Siegler and Hudson in their study
have indicated that MIF excreted by metastatic cells may manage functioning of macrophages
and secretion of cytokines [76]. Also, MIF molecules may participate in accumulation of mac-
rophages related to PCa and affect on tumor maintenance [76]. MIF manifests its pro-inflam-
matory nature, showing high expression levels in tissues with chronic inflammation areas,
such as hepatitis, gastritis and pancreatic [77]. It is worth to notice that many previous studies
have shown increased MIF expression levels associated with benign prostate hyperplasia,
induced by chronic conditions [78]. Nevertheless MIF has been found as a cytokine, strongly
corresponded with prostate adenocarcinoma and disease progression.

MIF can activate EMT cascade through E-cadherin downregulation and N-cadherin over-
expression, leading to form secondary site tumors [79]. Our study revealed that translocation
of the MIF factor to the nucleus could enable B-catenin upregulation and activate the EMT
process. Probably, stimulated and altered B-catenin expression, both total and membrane,
inversely interacts with E-cadherin accumulated in the nucleus and consequently leads to a
reduction in tumor cell-to-cell adhesion.

Funamizu et al. have used mice cells to show significant overexpressed MIF in progressive
tumor growth compared to the control cells and thus highlighted the role of MIF in accelerat-
ing progression and metastasis of pancreatic ductal adenocarcinomas [39]. Our study exhib-
ited that nuclear MIF expression is a strong predictor of lymph node metastasis, therefore MIF
may act as a mediator, modulated to accelerate the tumor progression to its aggressive state.
To the best of our knowledge, only present study focused the attention on examination of the
both cytoplasmic and nuclear expression of MIF in PCa. Contrary to our results, suggesting
that PCa patients with high nuclear MIF expression may be assigned a poor prognosis, Kami-
mura et al. have discovered that patients with lung cancer, without confirmed nuclear expres-
sion of MIF factor in tumor cells, had poorer prognosis than cases with confirmed MIF
nuclear expression [50]. Similarly to our findings, Ren et al. have revealed that rMIF fraction
contributes the invasion and migration of HCC cells by an in vitro cell migration assay [80].
Additionally, in prostate neoplasm, MIF factor has been found precisely corresponding with
tumor progression and metastasis [76]. Lately, MIF has been described as a novel therapeutic
target against metastatic triple-negative breast cancer (TNBC). MIF inhibitor CPSI-1306 may
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silence TNBC growth and metastasis through activating apoptosis [81]. Taken as a whole, cur-
rent and previous results seem to indicate that MIF molecule might be an important check-
point inducing transformation into an aggressive and metastatic form of cancer. Interestingly,
MIF is a part of several clinical trials. One of this trials was phase IIT interventional study with
attendance of 60 PCa participants, titled “A Double-Blind, Randomised, Placebo-Controlled
Study of the Effect of Transdermal Nitroglycerin (Glyceryl Trinitrate; GTN) Therapy on Bio-
markers of Inmune Escape in Men With Biochemical Recurrence of Prostate Cancer After
Primary Therapy” (ClinicalTrials.gov Identifier: NCT01704274). For evaluating the effect of
intervention with Glyceryl Trinitrate doses as a primary outcome measures was applied inter
alia changes of MIF biomarker level.

Vecchio and colleagues have indicated the existence of association between level of MIF fac-
tor and cellular differentiation in untreated PCa, showing that MIF expression was stronger in
low-grade adenocarcinoma (GS<.6) than in high-grade adenocarcinoma (GS>7) [82]. In
another study by Chen et al,, specimens with a Gleason score of 7 was more frequently present
enhanced MIF expression than the specimens with a Gleason score of 6 [83]. We showed that
high expression of nuclear MIF was more likely associated in prostate tumor areas with a Glea-
son score of 8 than in those with a Gleason score of 7. Thus, our results support the hypothesis
that nuclear MIF overexpression may predict poor prognosis for PCa patients.

Moreover, we found that upregulation of the cytoplasmic MIF, produced by the prostatic
cancer epithelium, participates in the infiltrating of both the right and left zone of prostate can-
cer gland. Verjans et al., have shown MIF expression as significantly associated with tumor
size in breast cancer (p = 0.007), where size of tumor above 2 cm corresponded with cancer
progression and manifested in low MIF expression with IRS score less than 4 [43]. Admittedly,
we did not confirm association between tumor size and MIF deregulation, however we
highlighted its role in tumor growth. Meyer-Siegler et al. using more advanced molecular tech-
niques, like Slot blot analysis of RNA in PCa, have demonstrated that elevated MIF expression
is strongly corresponded with mesenchymal phenotype of prostate disease. They have shown
that MIF secretes by PCa cells may play an important role in the multi-step process of meta-
static cascade [76]. The enhanced immunostaining of MIF protein in prostate malignancies
and its correlation with lymphovascular metastases suggested that MIF may contribute to the
acceleration of PCa progression through involvement in the initiation of lymph node metasta-
ses. Bando et al., have found significant negative dependence between deregulation of MIF fac-
tor related to tumor microenvironment, detected by ELISA test and presence of nodal
metastasis in breast cancer [45]. Our results are also consistent with Pei et al.” study of MIF
and DJ-1 protein in Nasopharyngeal Carcinoma (NPC). They have shown that high expression
of MIF protein was significantly correlated with advanced clinical stage, nodal metastasis and
poor prognosis, thus had influence on initiation of cell invasion and metastasis in NPC [84].

Translocation of MIF from cytoplasm to the nucleus may play a critical role in PCa progres-
sion and seems to be important for tumor cell growth and invasion. Nuclear redistribution of
MIF factors may interact with deregulation of transcription factors, such as SOX-4 leading to
facilitate the process of EMT. In our study, we did not find any correlations between SOX-4
and MIF proteins, that is inconsistent with our hypothesis, in which we assumed that SOX-4
activity could be controlled by upregulation of MIF during prostate tumor progression. How-
ever, the immunohistochemical analysis in this study is insufficient to confirm this relation-
ship. Using more advanced molecular tools, we could get satisfying results. A study on
correlation between MIF and SOX-4 to check the potential role of SOX-4 as a downstream tar-
get of MIF overexpression in PCa has not been performed yet. Nevertheless, we have found
the study with other SOX family members and MIF factors. In the study performed by Yuan
et al.,, using among others the luciferase reporter assay in a 293T cell line and chromatin
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immunoprecipitation (ChIP)-PCR assay, it has shown that overexpression of MIF is responsi-
ble for transcriptional activity of SOX-9 during the chondrogenesis and osteogenesis, [85].
Moreover, Shigeki et al. have shown that MIF molecules regulate the Sox6 expression in
mouse NSPCs via the interaction with STAT3 molecules [86]. However, our study did not con-
firm that MIF factor may impact on the activity of SOX-4 protein. We did not find any signifi-
cant association between the both nuclear or cytoplasmic MIF expression and nuclear
expression of SOX-4 protein. We want to point out that the study at alterations in protein lev-
els using immunohistochemistry method do not always correlate with the results reached by
other techniques such as cell culture or molecular techniques.

Conclusion

Many previously carried out studies as well as the current research emphasize the significant
role of B-catenin, SOX-4, MIF and E-cadherin in malignant transformation of prostate tumor
cells and confirmed their attendance in one of the initial metastasis steps—epithelial-mesen-
chymal transition (EMT). Immunohistochemical study may not provide the final evidence
that SOX-4 is not a downstream target of MIF, therefore definitive conclusions cannot be
drawn due to insufficient knowledge. Advanced studies using molecular biology techniques
are required to confirm the direct or indirect protein-protein interactions. At this stage, we
can corroborate protein inter-relationships based on expression patterns of studied factors
and outline the direction for further research. However, our results seem promising and
strongly highlight the potential role of MIF as a treatment option in metastatic PCa. The MIF
targeting could help to reverse disease progression at both early and advanced stages in future.
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6. Podsumowanie

Zjawisko EMT jest wielotorowym programem =z licznymi czynnikami
regulacyjnymi, odpowiedzialnymi za konkretne komodrkowe szlaki sygnatowe.
Czynniki te wspodtgrajagc ze sobg, tworzg sie¢ komunikacyjng, dzieki ktorej
dochodzi do progresji choroby nowotworowej. Nowoczesny model
rozprzestrzeniania sie komoérek nowotworowych do weztéw chtonnych, czy
narzadéw odlegtych pokazuje, ze patologie przerzutowe sg okreslone unikalnym
zestawem zmienionych czynnikéow specyficzno-tkankowych prowadzacych do
aktywacji procesu EMT i zapoczatkowania kaskady inwazyjno-przerzutowej u
pacjentéw z rakiem prostaty. W ogniskach wtérnych komérki nowotworowe
zmieniajg swoj fenotyp na epitelialny w wyniku procesu odwrotnego, czyli MET.
Deregulacja specyficznych czynnikéw okreslajagcych fenotyp mezenchymalny
migrujgcych komorek jest procesem przejsciowym do momentu powrotu tych
komédrek do stanu pierwotnego, aby utworzyé ogniska przerzutowe. Jest to
dowdd na to, ze zmiany ekspresji czynnikdw biorgcych udziat w przejsciu
epitelialno-mezenchymalnych sg zmienne i na podstawie tychze zmian mozna
okreslac¢ stopien zaawansowania choroby i ocenia¢ rokowanie pacjentéw. Dgzenie
do skutecznego leczenia przerzutowej postaci raka gruczotu krokowego powinno
zatem koncentrowaé sie na wyciszeniu lub zréwnowazeniu rozregulowanej
ekspresji czynnikdéw zwigzanych z EMT, aby odwrdci¢ jej funkcje do stanu
wyjsciowego. Dlatego tez dalsze badania naukowe nalezy ukierunkowa¢ na
wieloaspektowg analize czynnikdw odpowiedzialnych za regulacje procesu EMT,
znaczenie kluczowych juz w pierwszych etapach inicjacji nowotworowej. Dalszy
postep w obszarze transformacji komdrek nabtonka w komérki mezenchymalne u
pacjentéw chorych na raka prostaty utatwi przetozenie tego osiggniecia na
mozliwo$é wdrozenia zaawansowanej diagnostyki onkologicznej, prognozowania
choroby na wczesnym etapie i leczenia ukierunkowanego na ustabilizowanie
poziomdédw mMiRNA i mRNA/biatek. Zastosowanie miRNA lub mRNA/biatek jako
biomarkeréw lub bezposrednich targetéw farmakologicznych moze zmienié
podejscie do leczenia pacjentéw z przerzutowym rakiem gruczotu krokowego i

przynies¢ wymierne korzysci lecznicze.

86



7. Whnioski
1. Zmienione poziomy ekspresji okreslonych zestawdw czgsteczek miRNA
mogg stanowié potencjalne czynniki prognozujgce progresje raka prostaty
do stadium systemowego oraz by¢ uzyteczne w réznicowaniu rodzajow

przerzutu.

2. Wysoki poziom ekspresji frakcji jadrowej biatka MIF moze byc¢
potencjalnym czynnikiem prognozujagcym zaawansowanie choroby u

pacjentéw z rakiem prostaty.

3. Niski poziom ekspresji frakcji podscieliskowej biatka SDF-1 oraz jego
receptorow wigzacych: frakcji btonowe] biatka CXCR4 oraz frakcji jagdrowo-
cytoplazmatycznej biatka CXCR7 moga by¢ niezaleznymi czynnikami
prognozujgcymi progresje choroby do stadium systemowego u pacjentéw

z rakiem prostaty .

4. Okreslanie poziomodw ekspresji czagsteczek miRNA oraz biatek u pacjentéw
chorych na raka prostaty, w zestawieniu ze standardowo stosowanymi
markerami nowotworowymi, moze stanowi¢ wartosciowe narzedzie
prognostyczne lub postuzyé usprawnieniu procesu klasyfikacji stopnia

zaawansowania tejze choroby.
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DSWIADCZEMIE

lako wspotautor pracy:

Parol-Kulczyk, M., Gzil, A., Ligmanowska, 1., & Grzanka, D. (2022), Prognostic significance of
SDF-1 chemokine and its receptars CXCR4 and CXCR7 involved in EMT of prostate
cancer. Cytokine. https:/fdelorgf10.1016f) oyto.2021.155778

Déwiadczam, e mdj whkiad merytoryceny wnicsiony do ninigjsze| publikacji naukowe] to:

s nadzor nad prowadzonymi badaniami naukawymi | tworzeniem manuskryptu

= akceptacja ostateczne] wersji manuskryptu

ledroczesnie wyraiam 2gode na przedtoienic wskazane] pracy naukowej przez mgr
Martyne Parol-Kulezyk jakeo c2e88 rozprawy doktorskiej w formie spdjnego tematycznie zbiaru
artykuttw opublikawanych w recenzowanych czasopismach naukowrych.

.
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Bydgaszcz, 24.05.2023 r.
prof. dr hab. n. med. i n. o zdr. Dariusz Grzanka
Kierownik Katedry Patomorfologii Klinicznej
Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytet Mikotaja Kopernika w Toruniu

OSWIADCZENIE

Jako wspdtautor pracy:

Parol-Kulczyk, M., Gzil, A, Maclejewska, 1., Bodnar, M., & Grzanka, D. (2021).
Clinicopathological significance of the EMT-related proteins and their
Interrelationships in prostate cancer. An Immunohistochemical study. PLoS ONE.
https://doi.org/10.1371/journal.pone 0253112

Oswiadczam, e mé| wktad merytoryczny wnicsiony do niniejszej publikacji naukowej to:

+ nadzér nad prowadzonymi badaniami naukowymi i tworzeniem manuskryptu
e akceptacja ostatecznej wersji manuskryptu

Jednoczesnie wyrazam zgodg na przedfoienie wskazanej pracy naukowej przez mgr
Martyne Parol-Kulczyk jako czgst rozprawy doktorskiej w formie spdinego tematycznie zbioru
artykutéw opublikowanych w recenzowanych czasopismach naukowych.

/i Padpls Wspétautora
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Bydgoszcz, 24.05.2023 r.
lek. Arkadiusz Gzil
lekarz
Katedra Patomorfologii Klinicznej
Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytet Mikotaja Kopernika w Toruniu

OSWIADCZENIE

Jako wspotautor pracy:

Parol, M., Gzil, A., Bodnar, M., & Grzanka, D. (2021). Systematic review and meta-analysis
of the prognostic significance of microRNAs related to metastatic and EMT process
among prostate cancer patients. In Journal of Translational Medicine.

https://doi.org/10.1186/512967-020-02644-x

Oswiadczam, ze m6j wktad merytoryczny wniesiony do niniejszej publikacji naukowej to:

e udziat w tworzeniu manuskryptu
® opracowanie statystyczne uzyskanych wynikéw badan
* akceptacja ostatecznej wersji manuskryptu

Jednoczesnie wyrazam zgode na przedtozenie wskazanej pracy naukowej przez mgr
Martyng Parol-Kulczyk jako czes$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutéw opublikowanych w recenzowanych czasopismach naukowych.

Podpis wspdtautora
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Bydgoszcz, 24.05.2023 r.

lek. Arkadiusz Gzil

lekarz

Katedra Patomorfologii Klinicznej

Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytet Mikotaja Kopernika w Toruniu

OSWIADCZENIE

Jako wspétautor pracy:

Parol-Kulczyk, M., Gzil, A., Ligmanowska, J., & Grzanka, D. (2022). Prognostic significance of
SDF-1 chemokine and its receptors CXCR4 and CXCR7 involved in EMT of prostate
cancer. Cytokine. https://doi.org/10.1016/j.cyt0.2021.155778

Oswiadczam, ze méj wktad merytoryczny wniesiony do niniejszej publikacji naukowej to:

¢ udziat w tworzeniu manuskryptu
® opracowanie statystyczne uzyskanych wynikow badan
¢ akceptacja ostatecznej wersji manuskryptu

Jednoczesnie wyrazam zgode na przedioienie wskazanej pracy naukowej przez mgr
Martyne Parol-Kulczyk jako czes¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutéw opublikowanych w recenzowanych czasopismach naukowych.

Podpis wspotautora
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Bydgoszcz, 24.05.2023 r.
lek. Arkadiusz Gazil

lekarz

Katedra Patomorfologii Klinicznej

Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytet Mikotaja Kopernika w Toruniu

OSWIADCZENIE

Jako wspotautor pracy:

Parol-Kulczyk, M., Gzil, A., Maciejewska, J., Bodnar, M., & Grzanka, D. (2021).
Clinicopathological significance of the EMT-related proteins and their
interrelationships in prostate cancer. An immunohistochemical study. PLoS ONE.

https://doi.org/10.1371/journal.pone.0253112

Oswiadczam, ze moj wktad merytoryczny wniesiony do niniejszej publikacji naukowej to:

e udziat w tworzeniu manuskryptu
® opracowanie statystyczne uzyskanych wynikéw badan
e akceptacja ostatecznej wersji manuskryptu

Jednoczesnie wyrazam zgode na przedtozenie wskazanej pracy naukowej przez mgr
Martyng Parol-Kulczyk jako czesc rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutow opublikowanych w recenzowanych czasopismach naukowych.

Podpis wspétautora
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Bydgoszcz, 24.05.2023r,

dr n. med. Joanna Maciejewska
specjalista patomorfolog
Centrum Onkologii

ul 1zabeli Romanowskiej 2
85-796 Bydgoszcz

OSWIADCZENIE

Jako wspdétautor pracy:

Parol-Kulezyk, M., Gz, A, Maciejewska, J., Bodnar, M., & Grzanka, D. (2021).
Clinicopathological significance of the EMTrelated proteins and their interrelationships
in prostate cancer. An immunohistochemical  study. PloS  ONE.

hnps://dol.orgjlo.1371/]oumal.pone.0253112

Ocwiadczam, ze moj wktad merytoryczny wniesiony do ninigjszej publikacji naukowej to:

» Ocena morfometryczna preparatow mikroskopowych barwionych
immunochistochemicznie

lednoczesnic wyrazam zgode na przediozenie wskazanej pracy naukowej przez mgr
Martyne Parol-Kulczyk jako czgsé rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykutéw opublikowanych w recenzowanych czasopismach naukowych.

/] '/ wspalautora

98



Bydgoszcz, 24.05.2023 r,
dr hab. n. med. Magdalena Bodnar, prof. UMK

profesor uniwersytetu

Katedra Potoznictwa, Chordb Kobiecych i Ginekologii Onkologicznej
Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytet Mikotaja Kopernika w Toruniu

OSWIADCZENIE

Jako wspétautor pracy:

Parol, M., Gzil, A., Bodnar, M., & Grzanka, D. (2021). Systematic review and meta-analysis
of the prognostic significance of microRNAs related to metastatic and EMT process
among prostate cancer patients. In Journal of Translational Medicine.

https://doi.org/10.1186/512967-020-02644-x

Oswiadczam, ze moj wkiad merytoryczny wniesiony do niniejszej publikacji naukowej to:

* Korekta merytoryczna manuskryptu

¢ wniesienie krytycznych uwag do manuskryptu

Jednoczesnie wyrazam zgode na przediozenie wskazanej pracy naukowej przez mgr
Martyng Parol-Kulczyk jako czeé¢ rozprawy doktorskiej w formie spdjnego tematycznie
zbioru artykutéw opublikowanych w recenzowanych czasopismach naukowych.

Pofipis wspétautora
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Bydgoszcz, 24.05.2023 r.
dr hab. n. med. Magdalena Bodnar, prof. UMK
profesor uniwersytetu
Katedra Potoznictwa, Choréb Kobiecych i Ginekologii Onkologicznej
Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytet Mikotaja Kopernika w Toruniu

OSWIADCZENIE

Jako wspétautor pracy:

Parol-Kulczyk, M., Gzil, A., Maciejewska, J., Bodnar, M., & Grzanka, D. (2021).
Clinicopathological significance of the EMT-related proteins and their
interrelationships in prostate cancer. An immunohistochemical study. PLoS ONE.

https://doi.org/10.1371/journal.pone.0253112

Oswiadczam, ze m6j wktad merytoryczny wniesiony do niniejszej publikacji naukowej to:

e Korekta merytoryczna manuskryptu
* whniesienie krytycznych uwag do manuskryptu

Jednoczesnie wyrazam zgode na przediozenie wskazanej pracy naukowej przez mgr
Martyng Parol-Kulczyk jako cze$¢ rozprawy doktorskiej w formie spéjnego tematycznie
zbioru artykutéw opublikowanych w recenzowanych czasopismach naukowych.

Ppdgis wspotautora
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Bydgoszcz, 24.05.2023 r,
dr n. med. Joanna Ligmanowska
adiunkt
Katedra Patofizjologii
Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytet Mikotala Kopernika w Toruniu

OSWIADCZENIE

Jako wspdlautor pracy:

Parol-Kulezyk, M., Gzil, A., Ligmanowska, 1., & Grzanka, D, (2022). Prognostic significance
of SDF-1 chemokine and Its receptors CXCR4 and CXCR? involved in EMT of prostate
cancer, Cytokine, https;//doi.org/10.1016/j.cyt0.2021.155778

Oéwiadczam, ze moj wktad merytoryczny wnlesiony do niniejszej publikacji naukowe] to:

* udzal w optymalizacji i przeprowadzeniu reakcji immunchistoch emicznych

Jednoczednie wyrazam zgode na przedioienie wskazanej pracy naukowej przez mgr
Martyng Parol-Kulczyk Jako cze$¢ rozprawy doktorskie] w formic spéjnego tematycznie
zbioru artykutdéw opublikowanych w recenzowanych czasopismach naukawych.

f -.i !
A qu:l'g 10.9‘5.'.\?\.‘-@..7*. .........
s s T —

A Podpls wspdtautora
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10. Zgoda Komisji Bioetycznej na przeprowadzenie badan naukowych

Uniwersytet Mikolaja Kopernika w Toruniu
Collegium Medicum im L. Rydygiera w Bydgoszczy
KOMISJA BIOETYCZNA
Ul M. Sklodowskicj-Curie 2, 85-094 Bydgoszcz, tel.(052) 585-35-63, fax.(052) 585-38-11

KB 248/2019 Bydgoszez, 26.02.2019r.

Dzishajac na podstawis art. 29 Ustawy z dnia 5 grudnia 1996 roku o zawodzic kekarza (Dz.U. z 1997 r. N
28 poz. 152 (wraz 7 pdZnieiszynti zmiunami), zarzgdzenia Ministra Zdrowia i Opicki Spoteczne] 2 dnia 11 maja
1999 7, w sprawie szvzegdlowych zasad powolywania i finansowania aeaz trybu dziatania komisji bioetycznych
(Dz.U.Nr 47 poz.480) oraz Zarzydzenicm Nr 21 Rektora UMK 2z dnia 4 marca 2009 r, z pdin. zm. w sprawie
powolinia oraz zosad dzizlania Komisji Bioctyczacj Uniwersyletu Mikotaja Kopemika w Toruniu pezy
Collegium Medicumn im Ludwika Rydygiera w Bydgoszczy oeaz 7godnie z zasedami zawartymi w ICH — GCP

Komisja Bioetyczna przy UMK w Toruniu, Collegium Medicum w Bydgoszezy

(skted podano w zalyezeniu}, na posiedzeniu w dniu 26.02,2019 r. przeanalizowala wniosek,
ktéry zlczyt kicrownik badania;

dr hab. n. med. Dariusz Grzanka
Katedra i Zaldad Patomorfologii Klinicznej
Collegium Medicum w Bydgoszery

z zespem w sktadzic

= dr hab. n. med. Dariusz Grzanka, mgr Martyna Parol, dr n. med. Joanna
Maciejewska, asystent, dr n. med. Anns Klimaszewska-Wisnicwska, Arkadiusz Gzil
w sprawic bacania:

»~Nowe markery w prognozowaniu przebiegu klinicznego nowotworéw prostaty.”

Po zapaznaniu si¢ ze zlozonym wnioskiem i w wyniky przeprowadzone] dyskusji oz glosowanin
Komisja podjeda:
Uchwalg o pozytywnym zaopiniowaniu wniosku
W sprawic przeprowadzenia badun w zakresie okreslonym we wniosku pad worunkiem uzyskania zgody 0sdb
badanych na uqkorz:;stanic materiatu biologivenego oraz dokumentacji medycznej do celéw naykowych, a w
preypadku burku takiej zgady, aralizowania jedynic materiacu zanunimizowanego fj. pozbawionege dznych

pein;;nf(l)nych (zgodnic « RODO). Zgoda abejmuje tylko matcriat pobrany od pacjentow w okresie do
3L12.2017r

Zgoda obowigiuje od daty posiedzenin (26,02.2019 r.) do kosca 2027 r.,

f:Fydaqu qom_lu dofyezy ke razpatrywanego wniaske @ wvzglpdnieniem przedstawionego projekty:
kezido zmiana § modyfivacis wyMaga wzyskarie odrebnef apinii

Prof. dr hab. med. Kn?'ol Sliwka

|

Przewodniczacy Kdtﬁsji Biostycznej

Otzymuje:

dr hab. n. med, Dariusz Grzanks

Katedra § Zaklyd Paromorfoloyii Klinicznej
Coliegium Medicum w Byduoseczy
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Lista obecnoSci

na posiedzeniu Komisji Binetycznej

w dniu 26.02.20192 r.

Lp. Tmig i nazwiske Funkgcja , Pod nis
1. Prof. drhab, med. Karal Sliwka Przewodniczyey
M Joanna Poletek-Z B |
r prawza Joanna Poietek-Zyzas
o L i przewodniczjcege | k\-"
=
3, | Prof. dr hab. med. Micczysiawa Czervionka-Szzflarska '
4. Prof. dr_hab, med. Annu Balcar-Boron
s, Prof. dr hab, med. Marsk Grabice W
3 Prof. de hab. med. Zbigniew Wiodurezyk m“\ﬂ
5| Drhzb, n. med. Katerzyna Pawlak-Osifiska, prof. UMK %2%_2 g’*a!. Oifte—
o ed Kiopock !
Dr hab. n med, Maria Kio| 3 iy )
. | Hal TLLanL
g, Ks. ar hub, Wojciech Szukulski, prof. UAM J),‘/f Ga M
L)
10. Dr n. med. Radostawa Steszak-Kowalska ! ": S g
- = i
11. Mgy pruwa PaTytja Brzezicka W‘,{W |
12, Megr farm, Alcksandsa Adamezyk
— -
13, Mgr Lidia Iwinska-Tarczykowsku
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