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1.

Nota informacyjna i wykaz publikacji stanowigcych rozprawe doktorska

Niniejsza rozprawa ma charakter spdjnego tematycznie zbioru artykutow

opublikowanych w czasopismach umieszczonych w ministerialnym wykazie czasopism

naukowych i recenzowanych materiatow z konferencji miedzynarodowych. tgczna wartosé

wspodtczynnika oddziatywania (Impact Factor) publikacji stanowigcych niniejszg rozprawe

doktorskg wynosi 5.177 oraz 200 punktdw Ministerstwa Nauki i Szkolnictwa Wyzszego

(MNiSW). Publikacje zostaty przedstawione w kolejnosci chronologicznej wedtug daty

wydania. Punktacje podano wedtug listy czasopism punktowanych MNiSW za rok 2021 oraz

Impact Faktor wedtug Journal Citation Reports za rok 2021.

Lista prac:

1)

2)

Durslewicz Justyna, Klimaszewska-Wisniewska Anna, Jézwicki Jakub, Antosik Paulina,
Smolinska-Switata Marta, Gagat Maciej, Kowalewski Adam, Grzanka Dariusz;
Prognostic significance of TLR2, SMAD3 and localization-dependent SATB1 in stage
| and Il non-small-cell lung cancer patients; Cancer Control 2021 : Vol. 28, s. 1-14.
Impact Factor: 2.339

Punktacja MNiSW: 100.000

Durslewicz Justyna, Klimaszewska-Wisniewska Anna, Domanowska Ewa,
Skoczylas-Makowska Natalia, Antosik Paulina, Zielinska Wioletta, Gzil Arkadiusz,
Czajkowska Paulina, Mikotajczyk Klaudia, Grzanka Dariusz; Prognostic significance
of SATB1, SMAD3, Ezrin and B-catenin in patients with pancreatic adenocarcinoma;
Appl. Sci.-Basel 2022 : Vol. 12, nr 1, s. 1-26, 306.

Impact Factor: 2.838

Punktacja MNiSW: 100.000



2. Wykaz skrétow

Skrét Petna nazwa w jezyku angielskim Petna nazwa w jezyku polskim
BURs base unpairing regions regiony niesparowanych zasad
Cl confidence intervals przedziaty ufnosci
utrwalone w formalinie i zatopione
FFPE formalin-fixed parafin-embedded
w parafinie
HR hazard ratio wspotczynnik ryzyka
IHC immunohistochemistry immunohistochemia
MARs  matrix attachment regions regiony mocowania macierzy
miRs microRNA mikroRNA
NM nuclear matrix macierz jagdrowa
NMPs  nuclear matrix proteins biatka macierzy jadrowe;j
NSCLC non-small-cell lung carcinoma niedrobnokomadrkowy rak ptuca
PAC pancreatic cancer rak trzustki
PDAC  pancreatic ductal adenocarcinoma rak przewodowy trzustki
obszary mocowania
S/MAR scaffold/matrix attachment regions
rusztowania/matrycy
SATB1 special AT-rich sequence-binding protein-1 -
SATB1" nuclear immunoreactivity of SATB1 jagdrowa immunoreaktywnosc SATB1
cytoplazmatyczna
SATB1® cytoplasmic immunoreactivity of SATB1
immunoreaktywnosé SATB1
SCLC small-cell lung carcinoma drobnokomodrkowy rak ptuca

TCGA

The Cancer Genome Atlas




3. Wprowadzenie

3.1 Biatko SATB1

Zaburzenia architektury jadra komorkowego oraz wzordw ekspresji gendw
sg kluczowymi, odpowiednio morfologicznymi i molekularnymi zmianami wystepujgcymi
we wszystkich nowotworach. Zgodnie z licznymi doniesieniami, zmiany te sg silnie
skorelowane z dynamika sktadu polipeptydowego macierzy jadrowej
(NM, ang. nuclearmatrix)[1]. Analiza profilu biatkowego NM wskazuje, ze chorobom
nowotworowym  towarzyszg modyfikacje w puli biatek macierzy jgdrowej
(NMPs, ang. nuclear matrix proteins), ktére wydajg sie by¢ zalezne nie tylko od rodzaju
i stopnia zrdoznicowania tkanki, ale tez typu czy stadium zaawansowania nowotworu[2].
Analiza funkcjonalna NMPs ujawnita zréznicowang role i zaangazowanie tych biatek w wiele
procesow komorkowych. Zidentyfikowano biatka o charakterze strukturalnym, enzymy,
biatka szoku cieplnego, skfadniki kompleksow replikacyjnych, transkrypcyjnych,
translacyjnych oraz remodelujagcych chromatyne. Ponadto, wykazano ze niektére z tych
biatek biorg udziat w procesach takich jak dojrzewanie i transport RNA, réznicowanie oraz
transdukcja sygnatu[3]. Ta bogatobiatkowa struktura szkieletowa jadra komdrkowego
zwrocita uwage wielu naukowcow jako potencjalne Zrédto markerow nowotworowych
i celow terapeutycznych[2][3][4][5][6].

Zmiany profilu polipeptydowego NM w przebiegu transformacji nowotworowej korelujg
ze zmianami miejsc kotwiczenia sekwencji S/MAR (ang. scaffold/matrix attachment regions)
do NMPs, co wptywa na zmiane wielkosci petli chromatynowych (tj. przestrzennej organizacji
chromatyny), a w konsekwencji na aktywnos$¢ transkrypcyjng gendw i fenotypowa
manifestacje nowotworu[7]. Dotychczas zidentyfikowano kilka biatek ktore wigzg sekwencje
S/MAR i ulegajg dramatycznej deregulacji w komadrkach nowotworowych[4][5]. Pierwszym
z nich byfo opisane w 1992 roku przez zespdt Kohwi-Shigematsu biatko macierzy jadrowej
SATB1 (ang. Special AT-rich DNA Binding protein 1)[8]. Biatko to organizuje chromatyne
w trzeciorzedowe struktury, co umozliwia zwigzanie z nig innych biatek regulujgcych
transkrypcje oraz enzymdw modyfikujgcych chromatyne[9]. Zgodnie z obecng wiedzg genom
zakotwiczony jest w macierzy jadrowej poprzez regiony mocowania macierzy
(MARs, ang. matrix attachment regions), zas SATB1 swoiscie wigze sie z bogatymi

w AT motywami regiondw MAR dwuniciowego DNA, tworzgc w ten sposéb sieé¢ na ksztatt



»Klatki” wokot heterochromatyny, organizujac jg tym samym w charakterystyczne petle.
Te wzbogacone w AT obszary majg powinowactwo do nieparowania zasad i s3 nazywane
regionami niesparowanych zasad (BURs, ang. base unpairing regions). SATB1 zakotwiczony
w BUR zapewnia miejsce dokowania dla biatek remodelujgcych chromatyne i czynnikéw
transkrypcyjnych w regulacji wielu genéw (Rycina 1)[10][11]. Zatem SATB1 $cisle kontroluje
regulacje znacznie oddalonych od siebie gendw zlokalizowanych dystalnie od loci

powigzanych z SATB1.

PETLA CHROMATYNOWA

ENZYMY REMODELUJACE CZYNNIKI TRANSKRYPCY]NE

MACIERZ JADROWA HISTONY

SATB1

Rycina 1 SATB1 tworzy petle chromatynowe poprzez zakotwiczenie chromatyny w macierzy jadrowej

posredniczac w regulacji gendw na duzg odlegtos¢. Zmodyfikowano na podstawie[10].

W regulacji ekspresji gendw istotne znaczenie majg réwniez modyfikacje potranslacyjne
SATB1, takie jak fosforylacja i acetylacja. Modyfikacje te stuzg jako regulatory molekularne,
nadajgce SATB1 zdolnosci do dziatania jako aktywator lub represor ekspresji genow([12].
SATB1 jest regulowany réwniez przez mate niekodujace RNA zwane mikroRNA (miRs), ktére
sg posttranskrypcyjnymi regulatorami ekspresji gendw. Podwyzszona ekspresja miR-191
w keratynocytach naskdrka indukuje starzenie sie poprzez obnizenie ekspresji SATB1 oraz
CDK6[13]. Z drugiej strony, miR-23a hamuje ekspresje SATB1 w kostniakomiesaku i dziata
jako supresor nowotworu[14]. Badania te wskazujg, ze SATB1 jest regulowany przez rézne
miR, a funkcja SATB1 zalezy zarowno od modyfikacji potranslacyjnych, jak i specyfiki

tkankowej.



SATB1 reguluje ekspresje wielu gendw biorgcych udziat regulacji cyklu komdérkowego,
proliferacji, roznicowania, adhezji, sygnalizacji i apoptozy oraz jest niezaleznym markerem
prognostycznym w wielu nowotworach. Podwyzszona ekspresja SATB1 sprzyja licznym
zmianom patologicznym w szerokiej gamie nowotwordw: w tym raka piersi[11], jajnika[15],
prostaty[16], ptuca[17][18], nosogardta[19], przetyku[20], zotadka[21], trzustki[22][23], jelita
grubego[24], watroby[25] oraz pecherza moczowego[26]. Uwaza sie, ze ekspresja SATB1
zwigzana jest z zwiekszonym rozmiarem guza, wystepowaniem przerzutdw, a jej wyciszenie
prowadzi do zmniejszenia potencjatu progresji wielu nowotwordéw. Z kolei, zgodnie z innymi
doniesieniami, ekspresja SATB1 jest negatywnie skorelowana z progresjg nowotworu
oraz przezyciem pacjentdw w raku piersi[27], trzustki[23] i ptuca[28]. Podtoze tych
rozbieznosci i doktadna rola SATB1 w patogenezie nowotwordw pozostaje wcigz niejasna.
Nie ulega watpliwosci, ze SATB1 petni istotng role w rdznych procesach komérkowych
i Sciezkach biologicznych, a jego deregulacja wigze sie z rozwojem i wzrostem nowotworow.
Istnieje potencjat, aby SATB1 stuzyt jako biomarker i cel terapeutyczny w leczeniu

nowotworow.

3.2 Rak ptuca

Rak ptuca (ang. lung cancer) jest oskrzelopochodnym nowotworem ztosliwym
wywodzacym sie z nabtonka drég oddechowych[29]. Wedtug Swiatowej Organizacji Zdrowia
(ang. World Health Organization, WHQO) jest drugim najczeSciej wystepujacym typem
nowotworu i wiodacg przyczyng zgonéw z powodu nowotworow na S$wiecie[30]. Liczba
zachorowan na raka ptuca w 2020 roku wynosita 2,21 mlin, stanowigc okoto 22,1% wszystkich
przypadkdéw nowotwordw ztosliwych zdiagnozowanych na swiecie[31]. Pod wzgledem
umieralnosci zajmuje pierwszg pozycje, stanowigc przyczyne 1,8 min wszystkich zgonow
z powodu chordb nowotworowych na Swiecie[32]. Wysokg sSmiertelno$¢ przypisuje
sie opornosci na chemioterapie, rozpoznaniu w zaawansowanym stadium rozwoju
oraz nawrotom choroby[33]. Pomimo znacznej progresji metod postepowania
terapeutycznego w ostatnich latach, 5-letni wskaznik przezycia wzglednego dla chorych
z rakiem ptuca wynosi zaledwie 19%. Ze wzgledu na wysokg Smiertelnos¢ oraz statg
tendencje wzrostowg wspodtczynnika zachorowalnosci, rak ptuca stanowi niebagatelny
problem epidemiologiczny, zdrowotny, a takze ekonomiczny wspdtczesnego spoteczenstwa.

Gtdwnym czynnikiem epigenetycznym odpowiedzialnym za okoto 80% przypadkow



zachorowan na nowotwory ztosliwe ptuca jest palenie tytoniu. Rozwojowi raka pfuca
sprzyjajg rowniez takie czynniki jak: bierne palenie, zanieczyszczenie powietrza, narazenie na
radon, azbest i inne substancje kancerogenne, niewfasciwa dieta, a takze emisja gazéw
pochodzgcych ze spalania paliw[33][34].

Wedtug klasyfikacji klinicznej wyodrebnia sie dwa typy pierwotnych nowotworéow
ztosliwych ptuca: drobnokomérkowy (ang. small-cell lung carcinoma, SCLC) stanowigcy okoto
15% rozpoznawanych przypadkoéw raka ptuca oraz niedrobnokomérkowy (ang. non—-small-
cell lung carcinoma, NSCLC) wystepujacy u okoto 85% chorych[35][36][37]. Rak gruczotowy
(ang. adenocarcinoma, ADC), rak ptaskonabtonkowy ( ang. squamous cell carcinoma, SCC)
oraz wielkokomérkowy (ang. large cell carcinoma, LCC) wraz ze swoimi odmianami stanowig
ponad 95% wszystkich stawianych rozpoznan NSCLC. Najczestszg postacig, sposrod gtéwnych
typow nowotwordw ztosliwych ptuca jest gruczolakorak, wystepujgcy u okoto 40% chorych.
Rozwija sie z komodrek gruczotowych wytwarzajgcych $luz, dlatego czesciej powstaje
w obwodowej czesci ptuc. Charakteryzuje sie agresywnym przebiegiem oraz silng tendencja
do tworzenia przerzutow odlegtych we wczesnych stadiach choroby. Kolejny pod wzgledem
czestosci wystepowania jest rak ptaskonabtonkowy wywodzacy sie z proksymalnych czesci
oskrzeli stanowigcy okoto 25-30% zachorowan na nowotwory ztosliwe ptuca. Przewaznie
wystepuje w centralnej czesci ptuca lub w obrebie gtownych drég oddechowych, tj. w lewym
lub prawym oskrzelu. Za gtdwny czynnik etiologiczny przyczyniajacy sie do powstania raka
ptaskonabtonkowego uznaje sie palenie tytoniu. Rak wielkokomérkowy jest najrzadziej
wystepujgcym rakiem wsréd niedrobnokomérkowych rakéw ptuca, stanowigcym okoto 10%
zachorowan. Ze wzgledu na rozwdj przerzutow we wczesnych stadiach choroby jego
rokowanie czesto okreslane jest jako niepomysine[38].

Zalecenia terapeutyczne dotyczace raka ptuca zalezne sg przede wszystkim od stadium
zaawansowania choroby, rozpoznania histopatologicznego, wielkosci i umiejscowienia guza
oraz stopnia sprawnosci pacjenta. Pacjenci zdiagnozowani we wczesnym stadium choroby,
zwykle poddawani sg resekcji chirurgicznej, ktdra pozostaje najlepszg opcjg terapeutyczng
istotnie wptywajgca na wieloletnie przezycie. Ze wzgledu na pdzng wykrywalnosc
nowotwordéw ztosliwych ptuca rokowanie chorych pozostaje nadal niekorzystne[39]. Okoto
70% pacjentow, diagnozowanych jest w wysokim stadium zaawansowania klinicznego
choroby, kiedy obecne sg przerzuty. Wskaznik 5-letniego przezycia wzglednego dla chorych

zdiagnozowanych we wczesnym stadium choroby wynosi 70-90%. U chorych u ktdrych
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postawiono rozpoznanie w IV stadium zaawansowania klinicznego choroby, 5-letni wskaznik

przezycia wzglednego dramatycznie spada do 1%[40].

3.3 Rak trzustki

Rak trzustki (ang. pancreatic cancer, PC) jest jednym z najbardziej inwazyjnych
i obarczonych wysoka $Smiertelnoscig nowotworow ztosliwych na swiecie. Zajmuje dwunaste
miejsce wsrdd najczesciej diagnozowanych nowotwordw, jednak ze wzgledu na wysoki
wskaznik $miertelno$ci stanowi siédmg gtdwng przyczyne zgondw z powodu raka
na Swiecie[32]. Rak trzustki jest nowotworem ztosliwym o wzrastajgcej czestosci
wystepowania, a wartosci standaryzowanych wspotczynnikow zapadalnosci w populacji
Swiatowej odpowiadajg wspdtczynnikom umieralnosci z powodu tej choroby. Szacuje sieg,
ze do 2040 roku liczba zachorowan na raka trzustki moze siega¢ ponad 355 tysiecy
przypadkdw, przewyziszajgc raka piersi, prostaty i jelita grubego, stajgc sie przy tym drugg
przyczyna zgonow z przyczyn nowotworowych[40].

Do gtéwnych czynnikdw ryzyka zachorowania na raka trzustki, odpowiadajgcym
za 30% przypadkow jest palenie papieroséw. Czesto$¢ rozpoznan wzrasta wraz z wiekiem.
Wiekszg zapadalnos¢ obserwuje sie powyzej 55 roku zycia z wyzszym wskaznikiem
wystepowania wsrdod mezczyzn niz kobiet. Do czynnikdw ktdre w istotny sposob zwiekszajg
ryzyko wystgpienia raka trzustki zalicza sie rdwniez przewlekte zapalenie trzustki, wieloletnia
cukrzyce, otytosé i zwigzang z nig insulinoopornos¢[40].

Ze wzgledu na wysoka i wczesng inwazyjno$¢ nowotworu oraz wystepowanie
zjawiska opornosci na leczenie chemioterapeutyczne rokowanie w przypadku raka trzustki
jest szczegodlnie niekorzystne[41]. Odsetek przezy¢ piecioletnich catej populacji chorych
utrzymuje sie na poziomie 7-9%, a 12-miesieczne przezycie z rakiem trzustki nie przekracza
20%[42]. Zabieg radykalnej resekcji stanowi najskuteczniejszg metode terapeutyczng ktora
w chwili obecnej stanowi jedyng szanse wyleczenia. Ze wzgledu na brak typowych
i wczesnych objawdw oraz pdzne rozpoznanie choroby, odsetek resekcyjnosci utrzymuje
sie na poziomie 20-30%. Odsetek przezy¢ piecioletnich po resekcji chirurgicznej wynosi
od 15 do 25% z mediang przezycia siegajacg 18-20 miesiecy. Odsetek przezy¢ piecioletnich
u pacjentdéw z zaawansowanym rakiem trzustki u ktérych stwierdza sie obecnos¢ przerzutéw
odleglych nie przekracza 5%, a Sredni czas przezycia tych pacjentéw wynosi

6 miesiecy[43][44].
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4. Cel pracy
Wobec niewystarczajacej liczby oraz braku spdjnosci doniesien na temat klinicznej

wartosci biatka SATB1 w NSCLC oraz PAC cele niniejszej rozprawy doktorskiej obejmowaty:

1. Okreslenie niezaleznej wartosci rokowniczej SATB1 z uwzglednieniem jego
subkomorkowej lokalizacji ocenionej immunohistochemicznie w kohorcie wiasnej
oraz publicznie dostepnych danych transkryptomicznych pozyskanych z The Cancer
Genome Atlas (TCGA).

2. Ocene zaleznosci pomiedzy tkankowa ekspresja SATB1 a wybranymi danymi
klinicznymi, histologicznymi oraz biologicznymi (TLR2, SMAD3, ezryna oraz
B-katenina) analizowanych grup pacjentéw.

3. Okreslenie wptywu panelu uwzgledniajgcego SATB1 oraz powigzanych markeréw
na czas przezycia catkowitego pacjentdw w analizowanych grupach.

4. Ocene wzajemnych korelacji biologicznych pomiedzy ekspresjg SATB1 a funkcjonalnie

powigzanymi markerami: TLR2, SMAD3, EZR oraz CTNNBI1.
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5. Omdwienie prac wigczonych do cyklu

5.1 Omdéwienie pracy 1: ,Prognostic significance of TLR2, SMAD3 and localization-
dependent SATBL1 in stage | and Il non-small-cell lung cancer patients”

Durslewicz Justyna, Klimaszewska-Wisniewska Anna, Jézwicki Jakub, Antosik Paulina,
Smolinska-Switata Marta, Gagat Maciej, Kowalewski Adam, Grzanka Dariusz; Cancer Control
2021 :Vol. 28, s. 1-14.

Impact Factor: 2.339, Punktacja MNiSW: 100.000

Pierwszy artykut z przedstawianego cyklu stanowi prace oryginalng, w ktérej podjeto
probe weryfikacji hipotez dotyczacych zwigzku pomiedzy statusem ekspresji SATB1, SMAD3
i TLR2 a cechami kliniczno-patologicznymi i rokowaniem u pacjentow z NSCLC w |-l stopniu
zaawansowania klinicznego oraz wzajemnych korelacji pomiedzy ekspresja SATB1
a funkcjonalnie powigzanymi czynnikami: TLR2, SMAD3, ezryng oraz B-katening. W tym celu
oceniono barwienie immunohistochemiczne dla wszystkich badanych markeréw,
wykorzystujgc archiwalny materiat tkankowy pochodzacy od 69 pacjentéw z kohorty wtasnej
oraz dane transkryptomiczne zgromadzone w ramach projektu TCGA.

Na podstawie analiz wynikdw immunobarwienia SATB1 wyrazonych jako zmienna
kategoryzowana uzyskana dla frakcji jadrowej stwierdzono marginalnie znaczacy
statystycznie rdznice pomiedzy statusem ekspresji a typem histologicznym (p=0.068) oraz
wiekiem pacjentéw z NSCLC (p=0.0547). Z kolei obecnos¢ barwienia SATB1 w lokalizacji
cytoplazmatycznej byta zwigzana z ptcig pacjentéw z grupy badanej (p=0.0547). Analizy
przezycia pokazaty, ze nasilony odczyn jgdrowy SATB1 byt korzystnym czynnikiem
prognostycznym dla czasu przezycia catkowitego pacjentéw (HR 0.53, 95%Cl 0.30-0.94,
p=0.031) i pozostat niezaleznym czynnikiem prognostycznym w analizie wieloczynnikowej
skorygowanej o wiek, pte¢ oraz stadium zaawansowania (HR 0.49, 95%Cl 0.27-0.90,
p=0.022). Z kolei obecnos¢ odczynu immunohistochemicznego w frakcji cytoplazmatycznej
biatka SATB1 wykazywata istotny, ale odwrotny zwigzek ze wskaznikiem przezycia pacjentow
i byfa predyktorem niekorzystnego rokowania zaréwno w analizie jednoczynnikowej
(HR 2.04, 95%Cl 1.07-3.88, p=0.031), jak rowniez w wieloczynnikowej (HR 2.11, 95%Cl 1.07—
4.16, p=0.030). W oparciu o publiczng baze danych TCGA w prezentowanej pracy badawczej
wykazano zwigzek prognostyczny pomiedzy wysokim poziomem mRNA SATB1, a dtuzszym

czasem przezyciem pacjentow (p=0.0144).
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Majac na uwadze mozliwe interakcje miedzy oznaczonymi biatkami, przeprowadzono
analize poréwnawczg w ktérej udowodniono istotng statystycznie stabg ujemng korelacje
pomiedzy poziomem SATB1 ocenianym w frakcji jadrowej i TLR2 (r=-0.2404; p=0.0466), staba
dodatnig korelacje pomiedzy poziomem SATB1 ocenianym w lokalizacji cytoplazmatyczne;j
(r=-0.2875; p=0. 0166) oraz umiarkowang ujemng korelacje pomiedzy poziomem SATB1
ocenianym w frakcji jadrowej i SATB1 ocenianym w lokalizacji cytoplazmatycznej (r=-0.4619;
p=0.0001).

W publikacji wykazano, ze wysoki poziom SMAD3 byt zwigzany z cechami kliniczno-
histopatologicznymi takimi jak: stopien dojrzatosci histologicznej (p=0.0265), stopien
zaawansowania nowotworu (cecha T, p=0.0269) i stopniern zaawansowania klinicznego
(p=0.045). Badanie ujawnito réwniez korelacje pomiedzy statusem ekspresji TLR2 a typem
histologicznym NSCLC (p=0.0054). Analizy pokazaty, korzystny rokowniczo zwigzek pomiedzy
wysokim poziomem SMAD3 a catkowitym czasem przezycia pacjentéw (HR 0.41, 95%Cl 0.21—
0.78, p=0.006) oraz niekorzystny pomiedzy wysokim poziomem TLR2 (HR 3.02, 95%Cl 1.37-
6.66, p=0.006) w kohorcie wtasnej. Przeprowadzone analizy wieloczynnikowe potwierdzity
istotno$¢ wskazanych spostrzezern (SMAD3 — HR 0.40, 95% Cl 0.20-0.78; p=0.007;TLR2 — HR
3.00, 95%Cl 1.36-6.63, p=0.007). Co istotne, analiza danych z bazy TCGA uwidocznita
odwrotny trend dla statusu ekspresji SMAD3, tj. wysoka ekspresja mRNA byta zwigzana
ze ztym rokowaniem chorych. Z kolei podobnie jak w wynikach uzyskanych z analiz kohorty
wiasnej, wysoka ekspresja TLR2 byta zwigzana z niekorzystnym wskaznikiem przezycia
w kohorcie TCGA.

W ostatnim etapie pracy biorgc pod uwage funkcjonalng zalezno$¢ miedzy badanymi
czynnikami podjeto prébe okreslenia wptywu potgczonej ekspresji SATB1, SMAD3 oraz TLR2
na przezycie pacjentow z NSCLC. Stratyfikacja chorych w odniesieniu do tgcznej ekspresiji
wskazanych biomarkeréw pozwolita zidentyfikowa¢ podgrupy pacjentéw z najwiekszg
réznica w czasie przezycia. W szczegélnosci, profil ekspresji SATB1""€"/SMAD3"e"/TLR2'Y
byt powigzany z najkorzystniejszym przezyciem catkowitym i przewidywat przezycie
pacjentow lepiej, niz kazdy z analizowanych czynnikéw pojedynczo.

W dyskusji artykutu  wnikliwie omoéwiono przedstawione powyzej wyniki.
W analizowanym doniesieniu naukowym wykazano, ze wysoka ekspresja frakcji jgdrowej
byta zwigzana z korzystnym przezyciem pacjentow z NSCLC w [-Il stopniu zaawansowania

klinicznego, podczas gdy obecnos¢ barwienia SATB1 w lokalizacji cytoplazmatycznej miata
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znaczacy zwigzek ze ztym rokowaniem. Wyniki te wydajg sie by¢ szczegdlnie interesujgce
w Swietle doniesienn dostepnych w literaturze sSwiatowej i sugerujg przeciwne znaczenie
prognostyczne w zaleznosci od lokalizacji subkomorkowej biatka SATB1. Uzyskane
W niniejszej pracy dane sugerujg, ze badane czynniki mogg mie¢ potencjalng przydatnosc

kliniczng w okreslaniu rokowania u pacjentéw z NSCLC w | i Il stadium choroby.
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5.2 Oméwienie pracy 2: ,Prognostic significance of SATB1, SMAD3, Ezrin and B-catenin
in patients with pancreatic adenocarcinoma”

Durslewicz Justyna, Klimaszewska-Wisniewska Anna, Domanowska Ewa, Skoczylas-
Makowska Natalia, Antosik Paulina, Zielinska Wioletta, Gzil Arkadiusz, Czajkowska Paulina,
Mikotajczyk Klaudia, Grzanka Dariusz; Appl. Sci.-Basel 2022 : Vol. 12, nr 1, s. 1-26, 306.
Impact Factor: 2.838, Punktacja MNiSW: 100.000

Celem drugiej pracy wigczonej do cyklu byto ustalenie wartosci rokowniczej
oraz korelacji kliniczno-biologicznych SATB1, SMAD3, ezryny i B-kateniny wsrdd pacjentéw
z PAC. W celu wykrycia obecnosci swoistych antygenéw SATB1, SMAD3, ezryny i B-kateniny
wykonano barwienie immunohistochemiczne z wykorzystaniem makromacierzy tkankowych
z materiatem pochodzacym od 68 pacjentow z PDAC. Wykonane zadanie badawcze
obejmowato takze analize zmian w profilach ekspresji analizowanych gendw na poziomie
transkryptu na podstawie danych zgromadzonych w ramach projektu TCGA. Obie te oceny
skorelowano z parametrami kliniczno-patologicznymi oraz catkowitym czasem przezycia
pacjentéw. Dodatkowo, w celu zrozumienia funkcji oraz mechanizmdéw regulacji szlakow
biochemicznych badanych czynnikéw w PAC, za pomoca narzedzi bioinformatycznych
skonstruowano sie¢ interakcji biatko-biatko (PPI, ang. protein-protein interactions)
obejmujgcg SATB1, SMADS3, ezryne, B-katenine oraz 50 gendw wykazujgca pozytywna
korelacje.

Z przeprowadzonych analiz uzyskanych w toku oceny immunobarwienia SATB1 wynika,
ze ekspresja SATB1 uzyskana dla frakcji jadrowej byta znaczgco zmniejszona lub utracona
w probkach PDAC w pordéwnaniu z nienowotworowymi sgsiednimi tkankami, podczas
gdy ekspresja SATB1 uzyskana dla frakcji cytoplazmatycznej byta obecna w utkaniu
nowotworowym, ale nie byta obserwowana w zadnej z prébek kontrolnych. Na podstawie
analiz wynikow reakcji immunohistochemicznej SATB1 w lokalizacji jadrowej wyrazonej jako
zmienna kategoryzowana wykazano istotng statystycznie rdinice pomiedzy statusem
ekspresji a stopniem zréznicowania histologicznego (p=0.03). Z kolei status ekspresji SATB1
oceniony w frakcji cytoplazmatycznej nie wykazywat istotnej korelacji z cechami kliniczno-
histopatologicznymi.

Analiza zmiennych przy uzyciu krzywych przezycia Kaplana-Meiera wykazata, ze odczyn

jagdrowy o niskiej ekspresji SATB1 wigzat sie z krotszym przezyciem catkowitym pacjentow
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z PDAC, jednak rdznica ta nie byta istotna statystycznie (p=0.118). Z kolei wysoki odczyn
immunohistochemiczny obecny w frakcji cytoplazmatycznej biatka SATB1 byt istotnie
zwigzany z gorszym przezyciem pacjentow (p=0.036). Ponadto, analizy wykazaty, ze wysoka
ekspresja SATB1 zlokalizowana w cytoplazmie byta predyktorem niekorzystnego rokowania
zarowno w analizie jednoczynnikowej (HR 1.87, 95%Cl 1.03-3.40, p=0.039), jak réwniez
w wieloczynnikowej (HR 1.86, 95%Cl 0.93-3.74, p=0.08). Korzystajac z publicznej bazy danych
TCGA w niniejszej pracy badawczej wysokim poziomem mRNA SATB1 okazat sie korzystnym
niezaleznym czynnikiem prognostycznym w analizie wieloczynnikowej (HR 0.50, 95%Cl 0.32-
0.78, p=0.002).

W analizach dotyczacych kohorty wtasnej, stwierdzono staby, ujemny i istotny zwigzek
pomiedzy ekspresjg B-kateniny, a SATB1 ocenianym w jgdrze komodrkowym (r=-0.291,
p=0.015) oraz umiarkowang, pozytywng i istotng asocjacje pomiedzy B-katening, a SATB1
zlokalizowanym w cytoplazmie (r=0.321, p=0.007). Wspdtczynnik korelacji Spearmana
ujawnit stabg dodatnig i istotng zalezno$¢ pomiedzy ekspresjg SATB1 a CTNNB1 (r=0.244,
p=0.001) w kohorcie TCGA.

Omawiane badanie ujawnito zwigzek pomiedzy statusem ekspozycji ezryny, a stopien
zaawansowania nowotworu (cecha T, p=0.048). Nie wykazano innych istotnych korelacji
pomiedzy statusem badanych  markerow ocenionych za pomocg metody
immunohistochemicznej, a cechami kliniczno-patologicznymi w badanej grupie pacjentéw.
Dalsze analizy ujawnity niekorzystng rokowniczo zaleznos¢ pomiedzy wysokim poziomem
SMAD3, a catkowitym czasem przezycia pacjentéw (HR 2.40, 95%Cl 1.31-4.40, p=0.005).
Analiza wieloczynnikowa metodg regresji Coxa potwierdzita istotnos¢ wskazanych
spostrzezen (HR 3.08, 95%Cl 1.52-6.23, p=0.002) dotyczacych ekspozycji SMAD3.

Z kolei w kohorcie TCGA wykazano korelacje pomiedzy ekspresja SMAD3, a stopniem
ztosliwosci histologicznej (p=0.012), stopniem Zaawansowania nowotworu
(cecha T, p=0.026) oraz stadium TNM (p=0,008), ekspresjg EZR, a stopniem ztosliwosci
histologicznej (p=0.02), stopniem zaawansowania nowotworu (cecha T, p=0.0157)
oraz stadium TNM (p=0,0007) oraz ekspresjg CTNNB1, a stopniem ztosliwosci histologicznej
(p=0.001), stopniem zaawansowania nowotworu (cecha T, p=0.009), stopniem
rozprzestrzenienia nowotworu do regionalnych weztéw chtonnych (p=0.0002) oraz stadium

TNM (p=0.0001). Ponadto, SMAD3 oraz EZR okazaty sie niekorzystnymi, niezaleznymi

17



markerami prognostycznymi w kohorcie TCGA (SMAD3 — HR 1.57, 95% Cl 0.99-2.49; p=0.05;
EZR — HR 2.50, 95%CI 1.07-5.83, p=0.033).

Majac na uwadze funkcjonalne zaleznosci pomiedzy badanymi czynnikami dokonano
stratyfikacji chorych w odniesieniu do tgcznej ekspresji badanych biomarkerow. Profil
uwzgledniajgcy wysokie wspotwyrazanie SATB1°, SMAD3, Ezryny i B-kateniny okazat
sie silnym niezaleznym czynnikiem prognostycznym zwigzanym z niekorzystnym rokowaniem
pacjentow w kohorcie wtasnej (HR 7.32, 95%Cl 2.05-26.21, p=0.002). Z kolei profil
SATB1""€"SMAD3"*"Ezryna'“B-catenina byt powiazany z korzystnym przezyciem catkowitym
(HR 0.11, 95%CI 0.01—-0.93, p=0.04). Podobnie, w zbiorze danych TCGA, panel uwzgledniajacy
ekspresje SATB1, SMAD3, EZR oraz CTNNB1 okazat sie silnym niezaleznym czynnikiem
prognostycznym (HR 3.28, 95%Cl 2.02-5.33, p<0.0001). Zgodnie z przeprowadzong analizg
wzbogacenia funkcjonalnego, przewidywana strategia biologiczna zwigzana z koekspresjg
badanych czynnikdw obejmowata znaczgce wzajemne powigzania z gtéwnymi regulatorami
zwigzanymi z procesem nowotworzenia.

W dyskusji artykutu omoéwiono przedstawione wyniki, zwracajgc szczegdlng uwage
na koniecznos$¢ oceny SATB1 z podziatem na barwione frakcje komdrkowe. Podsumowujac,
uzyskane w niniejszej pracy dane wskazujg, ze badane czynniki mogg mieé potencjalng

przydatnos¢ kliniczng w okreslaniu rokowania u pacjentow z PAC.
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Abstract

This study aimed to explore the prognostic value of SATBI, SMAD3, and TLR2 expression in non—small-cell lung carcinoma
patients with clinical stages |-1l. To investigate, we evaluated immunohistochemical staining to each of these markers using tissue
sections from 69 patients from our cohort and gene expression data for The Cancer Genome Adas (TCGA) cohort. VWe found
that, in our cohort, high expression levels of nuclear SATB " and SMAD3 were independent prognostic markers for better
overall survival (OS) in NSCLC patients. Interestingly, expression of cytoplasmic SATBI® exhibited a significant but inverse
association with survival rate, and it was an independent predictor of unfavorable prognosis. Likewise, TLRZ was a negative
outcome biomarker for NSCLC even when adjusting for covariates. Importantly, stratification of NSCLCs with respect to
combined expression of the three biomarkers allowed us to identify subgroups of patients with the greatest difference in
duration of survival. Specifically, expression profile of SATB I™"#"/SMAD3"#"/TLR2'“™ was associated with the best OS, and it
was superior to each single protein alone in predicting patient prognosis. Furthermore, based on the TCGA daraset, we found
that overexpression of SATBl mRNA was significantly associated with better OS, whereas high mRNA, levels of SMAD3 and
TLR2 with poor OS. In conclusion, the present study identified a set of proteins that may play a significant role in predicting
prognosis of NSCLC patients with clinical stages I-1l.
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approximately 80% of lung cancer deaths. Additional factors
contribute to lung cancer development such as secondhand

Introduction

According to the World Health Organization (WHO), lung cancer
1s the second most frequent type of cancer and the leading cause of
cancer mortality worldwide, being responsible for approximately
11.6% of the total number of new cancer cases and 1.8 million

smoking, air pollution, exposure to radon, asbestos, and other
carcinogens, poor diet, and indoor emission of fuel burming !

deaths in 2018, This high mortality rate is often attributed to
disease recurrence, resistance to chemotherapy, and advanced-
stage diagnosis. Despite significant developments in oncological
management in recent years, the 5-vear relative survival rate for
people with all types of lung cancer is just 19% (men 16% and
women 22%).* Therapeutic recommendations depend primarily
on tumor stage, histology, size, and position of the cancer, together
with patient-specific factors (e.g., age, comorbidity, and pulmo-
nary function).” Cigarette smoking is the most important risk
factor for lung cancer Globally, cigarette smoking 1s linked to
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There are 2 main types of lung cancer: small-cell lung
carcinorna (SCLC, approx. 15% cases) and non—small-cell
lung carcinoma (NSCLC, approx. 85% l:ases)_s"" MNSCLC 15
further classified into 3 main subtypes: squamous cell car-
cinoma (SCC) (25-30%), adenocarcinoma (ADC) (40%), and
large cell carcinoma (LCC) (10-15%), and several other less
common subtypes, such as adenosquamous carcinoma and
sarcomatoid carcinoma.’ Patients with early-stage NSCLC
usually undergo surgical resection, which remains the best
therapeutic option for long-term survival. Unfortunately.
around two thirds of cases undergo late-stage diagnoses. when
the cancer has already metastasized. While the 5-year relative
survival rate for operable early-stage disease 1s up to T0-90%,
it drops dramatically to around 1% for stage IV NSCLC. The
median overall survival (OS) of these patients is around
10 months depending on treatment, histology type. and other
factors.* "

Given that NSCLC represents a major health problem
accounting for large numbers of deaths, the identification of
prognostic biomarkers for these patients 1s crucial to enhance
survival. A number of studies have shown that several nuclear
matrix proteins (NMPs) are dramatically deregulated in var-
ious cancers. ' ! Undoubtedly, a greater understanding of the
relationship between this group of proteins and cancer can be
very useful from a clinical point of view.

Special AT-rich binding protein | {SATB1) is a higher-
order chromatin organizer and global transcriptional regu-
lator."' This 763-amino acid protein identified in thymocytes
is encoded by the SATB1 human gene located on chrome-
some 3p23. SATB] is a known factor that binds to AT-rich
sequences known as base unpairing regions (BURs) in the
matrix attachment regions (MARs) of DNA. SATBI an-
chored to BURs provides a “docking site” on the nuclear
matrix for chromatin remodeling/modifying enzymes and
transeription factors. Strikingly, SATBI regulates a number
of genes, even those located on distant chromosomes, and
therefore, it is referred to as a “genome organizer.”'” Under
physiological conditions, SATBI is involved in T-cell de-
velopment, cellular homeostasis, early erythroid differen-
tiation, and responses to various stimuli.'’ Besides
physiological processes, this protein is thought to be an im-
portant factor in numerous malignancies. Abnormal expres-
sion of SATB1 has been reported in various types of cancers,
including breast, ' gastric,”” lung,'™'” laryngeal squamous
cell carcinoma,'® colorectal,'® endometrial *® prostate,”'
liver™ ovarian, > and bladder cancers ™ Despite being dif-
ferentially expressed, a comprehensive understanding of the
role of SATBI protein in NSCLC is hampered by the limited
number of studies on the topic, a large heterogeneity between
and within histological subtypes, as well as research dis-
crepancies between cell lines and clinical NSCLC
umors. ' It is, therefore, urgent to study the significance
of SATBI in additional NSCLC cohornts and to uncover po-
tential culprits of NSCLC that may overlap with SATBI1 to
affect patient prognosis.

SMADs are a family of intracellular proteins that transmit
signals from the transforming growth factor-fi (TGFp) su-
perfamily of receplnrs_za There are 3 distinct subgroups of
SMADs based on their different roles in TGF} family signal
transduction: R-SMADs (receptor-regulated), which include
SMADs 1. 2, 3, 5, and 8, Co-SMADs (common partner), that
is, SMAD4, and 1-SMADs (mhibitory), which comprises
SMAD6 and SMAD7.** As numerous reports suggest,
SMAD signaling seems to be relevant to the pathogenesis of
several cancers.”' However, the role of SMAD3 in tu-
morigenesis 18 not clear, as it has been shown to function as
both a tumor suppressor and prometastatic factor. ™

Toll-like receptors (TLRs) are a family of immune re-
ceptors expressed by antigen presenting cells, fibroblasts,
epithelial, and cancer cells.” In both normal and tumor cells,
they play important roles in the regulation of inflammatory
responses, cell proliferation, and apoptosis.*™ TLRs can
recognize a variety of pathogen-associated molecular patterns
(PAMPs) to induce various immune responses. According to
cellular localization, TLRs are divided into 2 major subtypes:
extracellular (TLRI1, TLR2, TLRS, TLRA, and TLR10) and
intracellular (TLR3, TLR7, TLRS, and TLR9).7**" In the cell
line studies, TLR2 was suggested to be a potential therapeutic
target in lung adenocarcinoma,*® as well as a specific mediator
between lung cancer cells and mesenchymal stem cells present
within the tumor microenvironment, facilitating cross-talk
leading to the promotion of tumor-supportive phenotypic
changes of mesenchymal cells "' However, TLR2 represents a
double-edge sword and may also act as tumor suppressor.
Uncovering the prognostic significance of TLR2 in NSCLC is
therefore expected to provide better understanding of its role
in the biology of this tumor.

For the purpose of the present study, we selected solely
SMAD3 and TLR2 since the convergence of these proteins
with one another,™ as well as with SATB1 signaling "% has
been previously reported; however, there are no studies on
their joint evaluation in NSCLC samples. According to the
report by Mikami et al., TGFf receptor-SMAD3/4 signaling
pathway is positively involved in TLR2 induction via a dual
mechanism involving functional cooperation with the NF-xB
pathway and MAPK phosphatase 1 (MKP-1)-dependent in-
hibition of p38 MAPK, a negative regulator for TLR2 in-
duction. It showed that TPR-Smad3/4 signaling acts as a
positive regulator for host defense and immune response by
increasing the expression of TLR2 dunng respiratory bacterial
infections.”’ Lung cancer patients often present with pul-
monary bacterial mfections, and this comncides with a poor
prognosis.**** Although the underlying mechanisms for
pulmonary infection-triggered lung cancer development are
still not fully understood, TLR signaling seems to play an
important role. For instance, Ye et al. revealed that NSCLC
cells were competent and active in sensing Gram-negative
bacteria through TLRs, which fueled their aberrant metabolic
features to promote tumor outgrowth and metastasis. '™
Besides, SATBI, SMAD3, and TLR2 may be also related
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Table I. Immunoreactivity results for SATBI, SMAD3, TLR2 in association with clinicopathological characteristics of patients with NSCLC.

SATBI" SATBIC SMAD3 TLR2
Cases (n = 69) 4 - Povalue + - P-value + - Pvalue * - P-value
Histological type
ADC 7 9 I8 068 T 20 6344 7 20 D629 7 20 0054
SCC 37 23 14 L] il 15 n I 36
LCC 5 2 3 I 4 4 I 0 5
Gender
Female 12 9 13 4403 8 14 0502 9 13 T92 3 19 J034
Male 47 25 1 & 41 17 30 5 42
Age
<61 37 14 13 0547 ) 29 =9999 18 19 0506 4 i3 =9999
=63 32 20 12 & 26 8 24 4 28
Histologic grade
G1 19 10 9 J918 3 14 5083 3 1] 0265 4 15 2025
G3 50 24 26 9 41 23 27 4 46
pT status
TI 25 12 13 5411 3 n 368 10 15 0269 I 24 1514
T2 7 14 13 & 21 14 13 3 24
T3 17 8 9 3 12 2 15 4 13
pM status
MO 63 i3 0 1981 14 49 3348 25 i8 3978 8 55 9999
M1 ] ! 3 0 & I 5 0 &
Stage
| 39 19 20 =9999 7 n 7637 19 20 0450 4 5 J204
I 30 15 15 7 13 7 13 4 26

SATBI™ = nuclear immunoreactivity of SATBI: SATBI® = cyroplasmic immunoreactivity of SATBI; HR = hazard rato; Cl = confidence intervals.

Significant P-values (P < .05) are indicated in bold.

by their cellular and tissue functions, as each of these
proteins 1s known to regulate the dynamic equilibrium of
apoptosis, invasion, migration, proliferation, immune
modulation, and inﬁammation,”"t:'“ the disturbance of
which is strongly implicated in lung carcinogenesis.
Moreover, as far as we are aware, at the protein level, TLR2
has not been previously evaluated as a biomarker candidate
for the prediction of clinical outcome in NSCLC. Likewise,
SMAD3 is also underexplored in this group of cancer pa-
tients. All these make SATB1, SMAD3, and TLR2 inter-
esting candidates to be explored as the individual, and
especially combined biomarkers for prognostication of
NSCLC patients.

Therefore, the current study was designed to evaluate the
immunohistochemical (IHC) expression of SATB1, SMAD3,
and TLR2Z in 69 formalin-fixed paraffin-embedded tissue
samples (FFPE) from NSCLC patients with clinical stages [ to
II. The research included the reference of obtained results to
08 of patients, clinicopathological data, and also the analysis
of the correlation between the chosen proteins. Importantly,
the combined prognostic value of these 3 proteins was also
evaluated. Finally. we examined mRNA expression of these
markers in the context of patient survival by utilizing the
TCGA dataset.

Materials and methods

The study was conducted on archival FFPE tissue samples
collected between 2010 to 2014 from 69 patients diagnosed
with NSCLC in Franciszek BLukaszczyk Oncology Center
of Bydgoszcz. Histopathological evaluation of each tumor
sample was performed by 2 independent pathologists for the
purpose of selecting a representative study group at the De-
partment of Clinical Pathomorphology, Collegium Medicum
in Bydgoszcz, Nicolaus Copernicus University in Torun. All
tumors were reclassified according the standardized TNM
eighth edition classification of The American Joint Committee
on Cancer (AJCC) criteria. To avoid excessive study com-
plexity, cohort included ADC, SCC, and LCC, while all other
histological types were excluded from the series. The inclu-
sion and exclusion criteria is summarized in Supplementary
Figure 1. The study protocol has been approved by The Ethics
Committee of Nicolaus Copernicus University in Torun,
Ludwik Rydygier Collegium Medicum in Bydgoszcz (ap-
proval number KB 336/2018). All methods used were per-
formed in accordance with applicable principles of good
laboratory practice.

FFPE tissue blocks with representative tumor areas were
cut using a manual rotary microtome (Accu-Cut, Sakura,
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Figure |. Immunohistochemical analysis of SATEI”, SATEI", SMAD3, and TLR2 expression in NSCLC tissues (primary magnification x20).
{A) Strong positive (+3) nuclear staining for SATBI, (B) Megative expression of nuclear staining for SATBI, (C) Positive cytoplasmic staining
for SATBI, (D) Negative expression of cytoplasmic SATBI, (E) Strong positive (+3) staining for SMAD3, (F) Megative expression of SMAD3,
(G} Strong positive (+3) staining for TLR2, (H) Negative expression of TLRZ

Torrance, CA, USA) to 4.0 pm thick. Sections were placed on
high-adhesive glass slides (SuperFrost Plus; Menzel-Glaser,
Braunschweig, Germany) and dried at 60°C for 1h. IHC
staiming was performed using DakoAutostainer Link 48
{Dako, Agilent Technologies, USA) or BenchMark® Ultra
automated slide processing system ( Ventana Medical Systems,
Tucson, AZ, USA). Standardization and optimization of the
IHC method were performed using instructions provided by
the antibody manufacturers, and data are available in the
Human Protein Atlas (httpy/www.proteinatlas.org).™

IHC staining of SATBI1 and SMAD3 was performed
using Dako Autostainer Link 48 automated shde staining
platform (Dako) and the FLEX + wvisualization system.
Tissue sections were deparaffinized and rehydrated prior to
antigens retrieval using a high-pH buffer (Dako, Agilent
Technologies, USA) for 20 min in PT Link pre-treatment
module (Dako) at 95-98°C. Next, slides were treated with
3% H-0; for 10 min at room temperature (RT) to inhibit
endogenous peroxidase activity. Then, the preparations
were incubated with 3% bovine serum albumin (BSA)
solution for 15 min at RT to block non-specific antibody
binding sites. The incubation with anti-SATBI antibody (1:
200; cat. no: ab109122, Abcam, Cambridge, MA, USA) and
anti-SMAD3 antibody (1:100; cat. no: ab28379) was

performed for 30 min at RT. Next, the sections were incubated
with the secondary horseradish peroxidase (HRP, Dako) la-
beled antibody for 20 min at RT. Subsequently, 3.3-dia-
minobenziding (DAB) was used to enable localization of the
antigen—antibody complex. The tissue sections were coun-
terstained in hematoxylin and washed with PBS buffer. Then,
slides were dehydrated in increasing ethanol concentrations
(B0, 90, 96, and 99.8%), and finally, tissue sections were
cleared in xylenes (I-IV). mounted using mounting medium,
and examined.

IHC staining of TLR2 was performed vsing BenchMark™®
Ultra automated slide processing system (Ventana Medical
Systems, Tucson, AZ, USA). Shdes were deparaffinized and
rehydrated in EZ Prep solution (Ventana Medical Systems) for
8 min at 72°C. Antigen retrieval was achieved in a high-pH
Cell Conditioning (CC1) solution for 64 min. Next, incubation
with the primary anti-TLR2 antibody (1:200; cat. no:
ab24192, Abcam) was performed for 32 min. Antibody de-
tection was performed using VentanallltraView DAB De-
tection Kit (Ventana Medical Systems). The tissue sections
were counterstained with Hematoxylin for 12 min and one
drop of Bluing Reagent for 4 min. Finally, tissue sections were
washed in tap water followed by dehydration in increasing
ethanol concentrations (80, 90, 96, and 99.8%). Xylene was
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Figure 2. Correlation between SATBI", SATB 1%, SMAD3, and TLR2 expression in lung cancer tissues. Correlation values are presented ina

heat map (Spearman correlaton test).

used to clear the sections, followed by mounting medium and
coverslips prior to observation.

Protein expression was analyzed using an ECLIPSE E400
microscope (Nikon Instruments Europe, Amsterdam, Neth-
erlands) at 20% and 40* magnification. All sections were
reviewed separately by 2 independent pathologists without
knowledge of the patient’s clinical data. The sconng system
for SATB1 (SATBI™) and SMAD3 nuclear, as well as TLR2
cytoplasmic immunoreactivity, was determined by adding the
multiplication of the fraction of stained cells (FSC} and
the percentage of cells at each staining intensity level with the
staining intensity ordinal value (scored from 0 for “no
staining™ to 3+ for “strong staining”), according to a modified
H-score with the formula: [1 * (FSC * % cells 1+) + 2 = (FSC x
% cells 2+) + 3 = (FSC = % cells 3+)], whereby FSC was
calculated based on the number of stained cells per 1000 cells
of the same type. The final staining score, ranging from 0 to
300, was then segregated into positive (high) and negative
(low) expression on the basis of a specific discriminatory
threshold established by the Evaluate Cutpoints saftware **
The cut-off values for positive and negative SATBI",
SMAD3, and TLR2 were as follows: <1; =1, <230; =230, and
<l; =1, respectively. For evaluation of cytoplasmic SATBI
(SATB1%), slides were scored as cither positive or negative
based on the presence (+) or absence (—) of cytoplasmic
tumor cell staining.

In our analyses, we also examined the prognostic signif-
icance of SATBI, SMAD3, TLR2 mRNA levels in The
Cancer Genome Atlas (TCGA) cohort. The survival and gene
expression data for the cohort of 630 NSCLC patients were
obtained from www.cBioPortal.org and UCSC Xena Browser
(http://xena.ucsc.edu/). The RNA-sequencing (RNA-seq)
datasets were normalized using the DESeq2 method. The data

was split into low-level and high-level expression groups
according to cut-oft points established in the Evaluate Cut-
points software. ™ Qur analyses only included stage I and I
cases.

Statistical analyses were performed using GraphPad Prism
v 7.01 (GraphPad Software, La Jolla, CA, USA) and SPSS
version 26.0 software (IBM Corporation, Armonk, NY, USA).
A two-tailed Chi-squared test or Fisher’s exact test was used
to assess the significance among the clinical factors and the
H-scores evaluated by pathologists. Spearman’s correlation
coefficient was used to assess the comelations between the
expression of SATB1, SMAD3, and TLR2. Survival curves
were plotted using the Kaplan-Meier method, and the dif-
ferences were evaluated using a log-rank test, counting OS
time from the date of operation to the date of death of any
cause or the date of last follow-up. The proportionality as-
sumption was verified by graphical examination and by testing
for significant interactions when each vanable was entered as a
time-based covanate. Univaniate and multivanate survival
analyses were performed with Cox proportional hazard re-
gression for vanables that satished proportional hazards as-
sumption. The hazard ratios (HRs) and 95% confidence
mtervals (95% Cls) were also calculated. Multivanate Cox
proportional hazards models were built for each tumor marker
after data were adjusted for covanates. mcluding gender (male
vs female), age (262 years vy =62 years), and AJCC patho-
logical stage (stage 1 vs stage II). A P-value of <05 was
considered statistically significant.

Results

A total of 69 patients (47 male; 68.1% and 22 female: 31.9%)
diagnosed with NSCLC were included in this study with a
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Figure 3. Overall survival analysis according to the expression of SATBI" (A), SATBI® (B), SMAD3 (C), and TLR2 (D).

mean age at diagnosis of 63 (range 4682 years). The most
commeon histological type was SCC (n=37: 53.6%), followed
by ADC (n=27; 39.1%) and LCC (n=5; 7.2%). According to
histological differentiation, tumors were divided into G2:
moderately differentiated (intermediate grade) and G3: poorly
differentiated (high grade). There were 17 pT3 (24.6%) cases,
27 pT2(39.1%) cases, and 25 pT1 (36.2%) cases. Most tumors
were diagnosed at stage T (56.5%) while 30 cases (43.5%)
were diagnosed at stage I1. Clinical stages [A, IB, IIA, and IIB
were found, respectively, in 22 (31.9%), 15 (21.7%), 9 (13%),
and 23 (33.3%) patients. Postsurgical survival data was
available for all patients. The median follow-up time was
1990 days and 48 (69.6%) patients died during follow-up.

Clinicopathological characteristics of patients of this cohort 15
summarized in Table 1.

IHC staming of SATB] was detected in the nuclear and
cytoplasmic compartments of NSCLC cells (Figure 1A-1D).
Positive nuclear immunoreactivity of SATB1 was found in 34
(49.28%) NSCLC cases, whereas the remaining 35 (50.72%)
were negative. Cytoplasmic staining of SATB1 was present in
14 (20.29%) cases. The positive expression of SATBI"
frending towards an association with histological type (P =
{D68). Positive expression of SATB1™ was more common in
SCC (n=23; 62.16%) than in LCC (n=2; 40°%) and ADC (n=9;
33.33%). Moreover, positive expression of SATB1" was more
frequently detected in older {(62.5%) than younger people
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(37.83%), although this was not a significant association (P =
.0547). In turn, expression of SATB1™ was not associated with
gender, histological grade. stage. pT. and pN status (P > .05).
The association of SATBI® expression with gender was of
borderline significance (P = .0502). Positive expression of
SATBI® was more common in female (36.36%) than male
(12.77%). Expression of SATBI® was not correlated with
histological type, histological grade, age, stage, pT, and pN
status. The relationship between SATBI expression and
NSCLC clinicopathological features is summarized in Table 1.

HC staining of SMAD3 was detected in the nuclear
compartments of NSCLC cells of 26 {37.68%) NSCLC cases
(Figure 1 E-1F). The relationship between SMAD3 expression
and chnicopathological features was analyzed and demon-
strated the association with histological grade (P = .0265),
pT status (P = .0269), and tumor stage (P = .045). SMAD3

Table 2. Univariate analysis of prognostic factors by Cox
proportonal hazard model (n = 69).

Univariate amalysis

Variable HR 95% ClI Pvalue
SATEI" 53 30 94 031
SATBIC 204 1.07 3.88 031
SMAD3 Al 21 78 006
TLR2 302 1.37 6.66 006
Gender 1.02 56 |87 96
Age 1.03 99 1.07 A7
Stage B4 A8 |.48 55
pT status 68 36 129 24
pMN status .7 &7 432 27

SATBI" = nuclear immunoreactivity of SATB(; SATBI® = cywoplasmic im-
munoreactivity of SATBI; HR = hazard ratio; Cl = confidence intervals.
Significant P-values (P < .05) are indicated in bold.

overexpression was more frequently detected in poorly (n=23;
46.00%) differentiated tumors than in moderately differentiated
ones (n=3; 15.79%) (P = .00265). The matio of SMAD3 over-
expression was also significantly higher in patients with pT2
(r=14; 51.85%) NSCLCs than in those with pT 1 {n=10; 40.00%)
and pT3 (n=2; 11.76%) wmors (P = .0269). Moreover, the
overexpression of SMAD3 was more frequently detected in stage
I (n=19; 48.72%) tumors than in those with stage II (23.33%)
(P = 0450). The prevalence of SMAD3 overexpression was
higher in LCC (80%) than in SCC (40.54%) and ADC (25.93%)
although this was not a significant association (P = .0629). In
addition, high SMAD3 levels were trending towards a correlation
with age (F = .0506), being more frequently detected in younger
(48.65%) than older people (25%). The expression status of
SMAD3 was not associated with gender and pN status. The
relationship between SMAD3 expression and NSCLC clinico-
pathological features is summarized in Table 1.

IHC staining of TLR2 was detected in the cytoplasmic
compartments of 8 (11.6%) NSCLC cells (Figure 1G-1H).
The ratio of TLR2 overexpression was more common in ADC
(n="7T:2593%) than in 8CC (n=1; 2.7%) and LCC (n=10;
0%) (P = .0054). The expression status of TLR2 was not
correlated with gender, age. histological grade, stage, pT, and
pN status. Representative images of IHC staining for all his-
tological types are demonstrated in Supplementary Figure 2.

A weak negative and significant association was confirmed
between the expression of SATB1" and TLR2 (P = 0466,
Spearman coefficient r = — 2404). Furthermore, weak positive
and significant association was found between SATBI® and
TLR2 expression (P = .0166, Spearman coefficient r = 2875).
In addition, a moderately negative association was confirmed
between the expression of SATBI® and SATBI1*® (P = 0001,
Spearman coefficient r = —4619). In the entire cohort, the
expression of SMAD3 was not significantly correlated with
the expression of SATBI and TLR2 (Figure 2).

Table 3. Multvariate amalysis of prognostic factors by Cox proportional hazard model (n = 69).

Multivariate analysis: SATBI"

Multivartate analysis: SATBI®

Variable HR 95.0% CI P-value Variable HR 95.0% CI P-value
SATBI" 49 27 50 022 SATBI® 211 |.07 4.16 030
Gender 50 49 |.66 T4 Gender B& Ab |61 b4
Age 1.23 69 i 48 Age 1.08 6l | 90 80
Stage 1.19 &7 210 55 Stage 112 53 | 98 70
Multivariate analysis: SMAD3 Multivariate analysis: TLR2

Variahle HR 95.0% ClI P-value Variable HR 95.0% CI Pvalue
SMAD3 40 20 78 007 TLR2 3.00 1.36 6.63 .007
Gender 1.01 55 1.85 98 Gender 1.03 56 | 88 93
MAge 93 52 1.65 B0 Age 1.00 .57 |77 .o
Stage 94 52 L.70 B3 Stage 117 b6 207 59

SATBI" = nuclear immunoreactivity of SATBI: SATBI® = cycoplasmic immunoreactvity of SATBI; HR = hazard ratio; Cl = confidence intervals.
Likefihood ratio P, adjusted for gender, age and stage. Significant P-values (P < .05} are indicated in bold.
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Kaplan—Meier survival analysis indicated that NSCLC
patients with a high level of SATB1" expression (median OS
1781 days) had higher OS rates (log-rank test P = .028) than
those with SATBI" low expression level (median OS
701 days). NSCLC patients with the presence of SATBI1®
expression (median OS 7225 days) had lower OS rates (log-
rank test P = .0274) than those with low-level expression
{median OF 1668 days). Kaplan—Meier analysis also revealed
the significance of SMAD3 and TLR2 expression for NSCLCs.
We found that high expression of TLR2 correlated with de-
creased OS rates {log-rank test P= .0039), and high expression
of SMAD3 correlated with increased OS rates (log-rank test P=
.0047) {Figure 3). Median OS periods for TLR2 "™** and
TLR2"™, as well as SMAD3" " and SMAD3"™ were 467 days/
1662 days and 2116 days/B46 days. respectively.

Univariate analysis demonstrated that positive SATB1"
expression was significantly associated with a better survival
prognosis (HR .53, 95%CI .30-.94, P = .031), and it per-
sisted as an independent prognostic factor for improved OS
in multivariate analysis after adjustment for age, gender, and
stage (HR 49, 95%CI1 .27-90, P = .02Z). In the case of

Table 4. Univariate analysis of prognostic factors by Cox
proportional hazard model for combined expression of proteins
(n = &39).

Variable Univariate analysts: SATBI/
SMAD3/TLR2
HR 95% CI Povalue
Orthers Ref
SATBI™MMSMADIM Y TLR2™ 19 06 52 006
SATBI™™™SMADI™TLR2™™ 234 %0 611 082

SATBI™ = nuclear immunoreactivity of SATBI: SATBI® = cyroplasmic im-
munoreactvicy of SATBI; HR = hazard rato; CI = confidence intervals.
Significant P-values (P < 05) are indicared in bold. Cases designared ‘others’
grouped the remaining combinations of expression patterns.

SATBI", the univariate Cox analysis revealed its presence
predicted an unfavorable OS (HR. 2.04, 95%CI 1.07-3.88, P
= .031). When examined in multivariate analysis, SATBI®
remained as an independent prognostic factor in terms of OS
(adjusted HR 2.11, 95%CI 1.07-4.16. P = .030). Likewise,
TLR2 was a significant predictor of poor OS in both uni-
variate (HR 3.02, 95%C1I 1.37-6.66, P = .006) and multi-
variate (adjusted HR 3.00, 95%CI 1.36-6.63. P = .007)
analysis. Furthermore, univariate analysis showed a longer
OS was significantly correlated with high SMAD3 expres-
sion (HR 41, 95%Cl 21-.78. P = .006), a result that was
maintained during multivariate analysis following adjust-
ment for covariates (HR = 40, 95% CI .20-.78; P = .007).
Results for univanate and multivanate analysis are sum-
marized in Table 2 and Table 3, respectively.

Having established the significance of SATBI, SMAD3,
and TLR2 as single prognostic markers in our cohort of
NSCLC patients, we also examined the impact of their
combined expression on OS. As shown by Kaplan—-Meier
analysis, the best OS was observed for patients whose
NSCLCs simultancously expressed SATB1" and SMAD3 at
high level and TLR2 at low level. In tum, patients whose
NSCLCs had opposite expression profile of the 3 proteins had
dramatically shorter OS (undefined vs 490 days: P < 0001)
{(Figure 4A). A univanate analysis of a combined 3-protein
panel of SATBI™™E%SMAD3I™* TLR2"™ was associated
with better survival prognosis (HR .19, 95%CI .06—-.62, P=
.006) (Table 4) and was a potent independent prognostic
marker for NSCLC patients when examined m a multivanate
analysis (adjusted HR. .19, 95%Cl .06-.63, P =.007) {Table 5).
The worst OS was seen for SATB1™ ™ TLR2"=" co-expressing
tumors with a particularly short median OS (445 days), while
the patients with the opposite expression profile had median OS
of 1807 days (P = 0003} (Figure 4B).

The analysis of prognostic significance of SATBl mENA
levels in the TCGA cohort revealed that SATBI over-
expression was significantly associated with better OS of
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NSCLC patients (P= .0144). The median OS times were 1830
and 2639 days for low and high expression groups. respec-
tively. Furthermore, the TCGA dataset showed that SMAD3
overexpression was associated with significantly shorter OS
(2620 days vs 1830 days; P = .0214). Finally, Kaplan—Meier
survival analysis revealed that high TLR2 expression was
significantly associated with better survival time (1841 days)
of NSCLC patients in comparison to those with its low ex-
pression level (634 days; P = .0248) (Figure 5).

Discussion

NSCLC is among the most frequently diagnosed malignancies
and the leading cause of cancer-related death worldwide. Early
diagnosis and treatment of NSCLC is a prerequisite for in-
creasing survival. Those patients with early-stage NSCLC but
identified as low risk require less aggressive therapy, while
those classified as high nisk might be good candidates for
adjuvant therapy. Therefore, it is essential to establish

Table 5. Multivariate analysis of prognostic factors by Cox
proportonal hazard model for combined expression of proteins
{n = 69).

Multivariate analysis: SATBI/

SMAD3/TLR2
Variable HR 95% CI Pvalue

Orhers Ref

SATBI™MESMADIMNTIR2®™ 19 06 .63 .007
SATBI™=SMAD3=*/TLR2"" |87 68 5.7 225
Gender 100 54 1.85 989
Age 103 %9 107 .56
Stage 62 34 LI3 A6

SATBI" = nuclear immunoreactivity of SATBI; SATBI® = cywoplasmic im-
munoreactivity of SATBI; HR = hazard ratio; Cl = confidence intervals.
Likefihood ratio P, adjusted for gender, age and stge. Significant P-values (P <
.05) are indicated in bold. Cases designated “others’ grouped the remaining
combinations of expression parterns.

diagnostic and prognostic markers that can identify early-
stage NSCLC patients who require more aggressive therapy.

In the past fiew years, research has been conducted to assess
the expression level and role of SATBI in many kinds of
human tumors, including lung cancer. However. there are
contradictory results about SATB1 expression levels, espe-
cially when examining prognostic and clinicopathological
features. Several studies have shown discrepancies regarding
SATEBI expression in lung tumors compared to normal lung
tissues. """ Due to the lack of data on SATB1 expression in
normal bronchial tissues in ourcohort, it was not possible to
verify these findings.'"™* " Several attempts have also been
made to investigate the correlation between SATBI expres-
sion and clinicopathological features of NSCLC patients. In
our investigation, we observed cytoplasmic and nuclear
staining of the SATBI protein in cancer cells. Nuclear SATBI
positivity was 49.28% and higher than the rates reported by
Glatzel-Plucinska et al. and Selinger et al.'™* We presume
that the discrepancy between the positivity rates may be due to
differences in the expenimental design, for example, evalua-
tion of IHC reactions, selected cut-offs, antibody clones, and
the subjectivity of the pathologists interpretation. Several
studies from other authors have reported that SCCs show
markedly higher SATBI expression level compared to
ADC.'"™***" A similar trend was also reported in our study for
SATBI", but the data were not significant (P = .068). In our
cohort, the SATB1" positivity rate oocurred more frequently in
SCC(62.16%) than ADC (33.33%). SCCs and ADCs differ in
gene expression profile, cellular ongin, and also targeting
mutations, and this may be responsible for the differences in
the frequency of SATB1 positive cases. Furthermore, a
congruous relationship has also been demonstrated by Glatzel-
Plucinska et al. in SCC and ADC eell Imes. Moreover, the
previous research has shown that SATB1 expression was
associated with the degree of tumor differentiation in clinical
ADC and SCC samples, although this could not be confirmed
m our study, possibly due to the smaller cohort size. In ad-
diion, our study included only moderately and poorly
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Figure 5. Overall survival analysis of SATB! (&), SMAD3 (B), TLR2 (C) mRMNA levels in TCGA cohort
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differentiated tumors. Selinger et al. noticed that a high
SATB! level was associated with an early disease stage. The
patients in our cohort had stage 1 or I disease; therefore, we
could not make comparisons with more advanced clinical
stages. Several studies have found a significant associations
between SATBI expression and OS of NSCLC patents. Our
cohort study showed that patients with high SATBI" ex-
pression had better median OS than did patients with SATB1"
underexpression (1781 vy 701 days). Moreover, and based on
the TCGA dataset. we found that SATB1 overexpression was
also significantly associated with better OS of NSCLC pa-
tients. Furthermore, we revealed that an elevated SATBI
expression was an independent prognostic factor that predicted
superior survival in NSCLC patients, which was also confirmed
by Glatzel-Plucinska et al.'® Additionally, Selinger et al ** have
demonstrated that a loss of SATBI expression was a negative
prognostic factor for patients with SCC. However, our exami-
nation of cytoplasmic SATB1 showed these patients had lower
085 rates than those with SATB1° underexpression. Furthermore,
we demonstrated that high SATBI® expression was an inde-
pendent prognostic factor which predicted poor OS. To the best
of our knowledge, this is the first study to show that SATB1® was
significantly associated with OS of NSCLC patients. The
findings may imply that depending on subcellular localization,
SATBI has an opposite prognostic significance in terms of OS in
carly-stage NSCLC patients. Interestingly, Selinger et al. also
observed cytoplasmic staining of SATBIL, but this staining
pattern was not associated with survival or any other clinico-
pathological parameters. Other cited authors omitted the est-
muation of the cytoplasmic fraction of SATB1 or combined it with
the nuclear fraction, which seems unjustified m view of our
results. Undoubtedly, our results suggested an association of both
nuclear and cytoplasmic SATBI expression with patient OS,
highlighting the role of SATB] in tumor progression.

SMAD is a cntical intracellular mediator of TGFP sig-
naling from the cell surface to the nucleus, and the subject of
this mvestigation, SMAD3, is involved in regulating gene
activity, cell proliferation, differentiation, and cell death. A
number of previous studies demonstrated that SMAD3-
mediated TGFP signaling is implicated in tumor angiogene-
sis, tissue invasion, and metastasis. Scientists agree that the
overexpression of SMAD?3 is involved in the regulation of
various physiological, as well as pathological processes, in-
cluding carcinogenesis. However, its role in tumorigenesis is
not clear.””* The results of the present study indicated that
SMAD3 was overexpressed in 37.68% of NSCLC cases. Our
study further demonstrated that SMAD3 expression was
significantly correlated with histopathological grade, pT sta-
tus, and stage, but not with gender and pN status. Moreover,
the overexpression of SMAD3 was trending towards a cor-
relation with histological type and age. In our cohort, it was
more likely to have SMAD3 positivity in poorly differentiated
cancer cells than in those that were moderately differentiated,
which could indicate that SMAD3 is involved in the pro-
gression of NSCLC. On the other hand, our results revealed an

association of SMAD3 with favorable prognostic variables,
such as smaller tumor size and more frequent occurrence in
stage | tumors. In recent years, several studies have been
carried out to examine the relationship between SMAD3 and
the prognosis of cancer patients.**~ " In contrast to the cited
results, we found that patients with high SMAD3 expression
had better median OS than did patients with SMAD3 un-
derexpression. Cox regression analyses showed that
overexpression of SMAD3 was a favorable independent
prognostic factor for OS. This discordance between studies
may be due to different study population or ethnicity-related
differences in NSCLC biology. Moreover, Niu et al. used
tissue microarrays {TMAs), but the heterogeneity of whole
tumor samples could confound microarray analysis. so in our
study we stained whole-tissue sections. Notably, in our report,
we included only patients in stage 1 to II of NSCLC, whereas
Marwitz et al. did not provide patient stage information from
their cohort, and Niu et al. presented stage data for 18
(15.13%) patients only, all of whom had stage 11l and IV lung
cancer. Therefore, it is most probable that in NSCLC, SMAD3
may act as a negative regulator of carcinogenesis and improve
patient survival in early disease stages, while it functions in the
opposite manner in advanced cancers, resulting in diminished
survival in patients. It is not unexpected since, based on
experimental model systems, a similar duality of function
under different tumor stages has been reported for TGFJ, also
in the case of lung cancer. In the experimental studies on other
tumor types, this paradoxical effect of TGFp has been shown
to be mediated through , for example, SMAD3."" On the other
hand, our analyses based on TCGA have shown that the
expression of SMAD3 mRNA was significantly negatively
correlated with patient survival. which is in agreement with
Niu et al.*>*" Pan et al.** revealed that SMAD3 was a tumor
suppressor for post-progression survival but an oncogene for
progression-free survival. In tum, Zeng et al.”* showed that
increased SMAD3 mRNA levels were not related to OS in
NSCLC patients from the CBioPortal cohort. These results
suggest an inverse role for SMAD3 protem and mRNA in the
clinical behavior of NSCLC. A mismatch between mRNA and
protein levels has been widely reported in the literature.™* ™ The
difference between mRNA and protein expression with respect to
prognostic significance confirms the importance of comprehensive
tumor analyses, However, it cannot be assumed that the amount of
mRNA is directly comelated with protein expression. Notewor-
thily. posttranscriptional and posttranslational mechanisms may
nfluence protein levels, and increased mRNA levels may produce
only small amounts of detectable proteins.”” Based on our results,
we can conclude that SMAD3 pmotein i1s perhaps functionally
associated with better prognosis in early-stage NSCLC, whereas
the contrary is true for SMAD3 mRNA. However, our conclusions
are constrained by the fact that presented results come from
disparate research population, that is, for proteins from our own
cohort and mRNAs from the TCGA cohort. Definitely, to validate
this concept, it is necessary to estimate mRNA and protein ex-
pression in one cohort of patients,™
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TLR2 is a member of the TLR family, mainly expressed by
immune cells, but as they are also expressed on tumor cells. Thus,
in recent years, a lot of scientific interest has focused on TLR
expression and their functions in cancer cells, and a growing body
of evidence underscores the correlation between TLR expression
and cancer prognosis. In recent years, numerous studies have
indicated that TLR2 is expressed on neoplastic cells from several
solid tunors, such as brest,™ gﬂstl'i:l,TIJ colon,” oral™ and pan-
creatic cancer.” In addition, it has been revealed that activation of
TLR2 promotes cancer progression and metastasis through dif
ferent cell-intrinsic mechanisms,™ and its expression closely as-
sociates with patient prognosis™ ™" To our knowledge, the
present study is the first o investigate the correlation between
TLR2 protein expression and climcopathological features in pa-
tients with clinical stages [ to Il NSCLC. In our cohort, TLR2 was
overexpressed i 11.6% of NSCLC cases and TLR2 positivity rte
more frequently occurred in ADC (25.9%) than SCC (2.7%) and
LCC (0%). These results suggest that ADC tumors express higher
levels of TLR2 than SCC and LCC. A similar relationship was
observed by Gergen et al.. but in this case, it was found in ADC
and non-adenocarcinoma cell lines * Furthermore, several authors
have investigated the correlation between TLR2 expression
and patient survival.”®™ 737 Bayer et al. provided
evidence for a significant association between high mRNA
expression of TLR2 in TCGA cohort of NSCLC patients.
According to their report, expression of TLR2 is associated
with improved survival outcomes in NSCLC, and our analysis
of TCGA data supports this finding. However, and contrary to
mRNA expression, we found using IHC that high TLR2
protein levels were significantly associated with worse OS of
NSCLC patients. Moreover, we demonstrated that TLR2 was
a significant predictor of poor OS in both unmvariate and
multivariate analyses. These results suggest opposite role for
TLR2 protein and mRNA in the clinical behavior of stage [ to
II NSCLCs. To confirm this supposition, It is necessary to
estimate mRNA and protein expression in the same cohort of
patients. These results suggest an opposite role for TLR2
protein and mRNA in the clinical behavior of stage I to 11
NSCLCs. Notably, TLR2 1s not only expressed in tumor cells
but also in immune cells, endothelial and epithelial cells,
serving as intemnal staining controls. [HC staining enables for
quantitative evaluation of proteins in a morphological and
subcellular context, an advantage of this method over gene
expression analyses. To confirm this supposition, similar to
our findings with SMAD3, it is necessary to estimate mRNA
and protein expression in the same cohort of patients fol-
lowing laser tissue microdissection,

Notations

ADC - adenocarcinoma

AJCC - The American Joint Committee on Cancer
BUR - base unpairing region
FFPE - pamaffin-embedded tissue samples

Lastly, given the functional relationship between SMAD3
and SATB1,"" as well as a potential link between the latter and
TLR2™ we attempted to determine the effect of the combined
expression of these proteins on OS of NSCLC patients.
Kaplan-Meier survival analysis demonstrated that the subset of
patients with tumors that co-expressed high levels of SATBI
and SMAD3, and simultaneously low levels of TLR2 had the
best OS, and the combined expression of the 3 markers better
predicted patient survival than looking at each marker indi-
vidually. Furthermore, a combined 3-protein panel of SATBI™
it SMADIEYTLR2'™ emerged as a powerful independent
prognostic factor associated with better outcome. Therefore, our
analyses showed that utilizing THC to examine the combined
expression of SATB1", SMAD3, and TLR2 could be more
helpful for predicting the prognosis of NSCLC patients than
single markers. Given that our study group is limited in number,
it is necessary to confirm this finding in large-scale studies.

In summary, our cohort study revealed that nuclear
SATBI expression was associated with favorable patient
survival, whereas cytoplasmic SATB1 had a significant
correlation with poor outcome. Interestingly, nuclear and
cytoplasmic SATB! appeared to be independent markers
either for better or worse prognosis, respectively. These data
suggest that a differential subcellular expression of SATBI
plays an important role in the pathelogy and/or progression
of NSCLC, and clinically, it has an inverse prognostic sig-
nificance. Furthermore, herein we found that high expression
levels of SMAD3 and TLR2 were independent prognostic
markers associated with favorable and poor survival, re-
spectively. Importantly, stratification of NSCLCs with re-
spect to combined expression of the 3 biomarkers allowed us
to identify subgroups of patients with the greatest difference
in survival. Specifically, the expression profile of SATB1™
mESMAD3I"® TLR2™ was associated with the best OS,
and it was superior to each single protein alone in predicting
patient prognosis. Based on the TOGA dataset, we revealed
that overexpression of SATBI mRNA was significantly
associated with better OS, while high mRNA levels of
SMAD3 and TLR2 were negatively correlated with patient
survival. Overall, each of these proteins may have a potential
clinical utility for determining a patient’s prognosis in stage [
and 11 NSCLC patients by themselves, although when a
combined 3 protein panel is used; this provides a stronger
indication of OS than each marker alone. However, our
results should be interpreted cautiously due to existence of
some limitations. This study needs validation with a larger
patient cobort, and in prospective and multicenter studies.

IHC - immunochistochemical
LCC - large cell carcinoma
MAR - matrix attachment region
NMP - nuclear matrix protein
NSCLC - non-small-cell lung carcinoma
08 - averall survival
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PAMP - pathogen-associated molecular pattern
SATB! - special AT-rich binding protein |
SCC - squamous cell carcinoma
SCLC - small-cell lung carcinoma
TGFf - transforming growth factor-f
TLR - toll-like receptor
WHO - World Health Organization
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Abstract: The present study aimed to explore the role of SATB1, SMAD3, Exrin and f-catenin as indi-
vidual and combined biomarkers for the survival prediction in pancreatic adenocarcinoma (PAC). Mo-
tably, this study distinguished for the first ime a pobential prognostic value of SATE] corresponding
to its subcellular localization in PAC. Immunchistochemical staining on tissue macroarrayvs, as well as
RMA-seq data from public sources, were investigated, and the results correlated with overall survival
{05) and clinicopathological features. The connectivity between the examined factors, as well as their
common signaling pathways, were demonstrated by the functional enrichment analysis. Herein, the
progrostic ability of cytoplasmic SATE] in O35 analysis was even superior to nuclear SATBL. Both
staining patterns tended to have opposite roles in the prug:nusis of PAC: SATB1® was an independent
prognostic factor for poor O5, whereas SATBI™ expression reached no statistical significance, but
Kap]an—Meier curves separated patients with low Exlxesﬁiun and adverse pmgn.usi:i from pal"ients
with high expression and favorable prognosis. High levels of SATBEl mRENA appeared as an inde-
pendent prognostic indicator for better (5. Furthermore, individual expression of SMADS or Ezrin,
as well as combined expression of SATE] /SMAD3/ Ezrin/ f-catenin, were associated with OS inde-
pendently of conventional nsk factors, both in our cohort and TCGA dataset. In our series, patients
with fumors harboring combined expression of SATB1 " (SMADA™ /Ezrin'™ / f-catenin'™
experienced the highest survival rates, while those with SATB1SP=e [ SMADANED fEprinhish /p.
caterin™F had the worst survival. In conclusion, protein and /or mRNA expression levels of SATBI,
SMAD3, Ezrin and B-catenin may serve as potental prognostic biomarkers for PAC, both as single
predictors and even better when combined.

Keywords: pancreatic ductal adenocarcinoma; SATBI; SMAD3S; Ezrin; f-catenin; prognostic factor

1. Introduction

Pancreatic cancer is one of the most aggressive and lethal malignant neoplasms world-
wide. According to the Global Cancer Statistics 2020, pancreatic cancer is ranked as the 7th
leading cause of cancer-related deaths, accounting for 4.7% of all diagnosed malignancy
cases with increasing frequency [1]. Despite significant advances in the understanding
of potential risk factors that cause pancreatic cancer and newly available tools for early
diagnosis and treatment, the general 5-year survival rate for patients is lower than 9% [2].
There are two main types of pancreatic cancer: pancreatic adenocarcinoma, known as
pancreatic ductal adenocarcinoma (PDAC), which originates from the epithelium of a duct,
and pancreatic neuroendocrine tumor arising from the abnormal growth of endocrine
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(hormone-producing) cells in the pancreas called islet cells [3]. PDAC is a type of exocrine
pancreatic cancer and the most common bype of pancreatic malignancies {(more than 85%
of all cases). This type is known for its extremely poor prognosis, with an overall 1-year
maortality rate of 24% [2]. Undoubtedly, there is an urgent need for the development of a
novel, more effective therapeutic regimen. Therefore, the identification of key oncogenic
regulators and understanding of pathways involved in the pathogenesis and progression
of pancreatic cancer is of high importance. A greater understanding of the relationship
between biomarkers expression and the clinicopathological characteristics as well as patient
survival would be useful from the clinical point of view.

Ezrin is a protein encoded by the EZR human gene. It is a principal member of the
ezrin-radixin-moesin (ERM) family, which functions as a general cross-linker between
membrane proteins and actin filaments. Ezrin exists in two conformations—dormant and
active. The former exists in a closed form that mostly resides in the cytoplasm, and the latter
is an open form localized mainly at the plasma membrane. It is widely established that
Ezrin is frequently overexpressed in invasive cancers, which is related to a poor prognosis.
The results of several studies suggest that Ezrin may regulate various signaling pathways
and molecules involved in tumor progression [4-6].

SMAD family member 3 (SMAD3) acts through transforming growth factor-beta
(TGF-B). The protein participates in the regulation of gene activity, cell proliferation,
differentiation and death [7]. However, the SMAD3-mediated TGF-p signaling pathway is
also involved in the induction of tumor angiogenesis and the promotion of tissue invasion
and metastasis [5,9].

The many cellular processes, including organ development, differentiation and tissue
homeostasis, are controlled by the Wnt/ p-catenin signaling pathway. Aberrant Wnt/ -
catenin signaling can lead to developmental defects and cancer progression. B-catenin
{encoded by CTNNE1 gen) is a key molecule in this pathway. Stabilized p-catenin accumu-
lates in the cytoplasm and translocates to the nucleus, where it binds the TCF/LEF family
members and induces the transcription of target genes. Many studies have reported that
overexpression of B-catenin is associated with several human cancers [10-12]. However,
the role of B-catenin expression in PDAC is somewhat controversial [13].

Special AT-rich sequence-binding protein 1 (SATB1) is a higher-order chromatin or-
ganizer and a global transcriptional regulator. SATB1 may regulate whole sets of genes,
even those located on distant chromosomes, by altering the functional organization of the
DNA sequence. In addition, SATB1 is engaged in post-transcriptional modifications, such
as phosphorylation or acetylation, conferring its ability to act as a repressor or activator of
gene expression [14]. SATB1 is known to play a vital role in the differentiation, embryonic
development and maturation of thymocytes [15]. Furthermore, our team has revealed that
the SATB1/F-actin complex is involved in the active cell death of both tumor [16] and
non-tumor cells [17]. However, it may also contribute to tumor progression and metastasis.
Many recent studies have shown that the abnormal expression of SATB1 is frequently
associated with clinicopathological features and patient survival, but its clinical value in
PDAC is still underexplored [15-24].

Similar to other malignancies, uncontrolled cell proliferation is induced in FDAC by
the alternating function of different intracellular signaling pathways’ components. As
demonstrated in previous studies, SATB1, SMAD3, Ezrin and f-catenin play an important
role in regulating cell proliferation, migration and apoptosis, which are strongly implicated
in carcinogenesis. In this study, we selected these proteins due to the fact that they may
be related by their respective roles and overlapping signaling cascades in tumor cells;
however, their joint expression has not been previously evaluated in clinical samples of
PDAC. Therefore, the aim of this research was to explore the prognostic value of the
single and combined expression of SATB1, SMADS3, Ezrin and B-catenin in PDAC. Protein
expression was evaluated by immunochemistry in the institutional tissue macroarrays
(TMAs), while mENA expression used publicly available TCGA data. Both were correlated
with clinicopathological parameters and patient outcome (overall survival, OS). Finally,
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protein-protein interaction (PPI) network for p-catenin, Ezrin, SATB1, SMAD3 and their
50 neighbors was constructed and functionally annotated to predict biological functions
and pathways possibly related to examined factors in PAC.

2. Materials and Methods
2.1. Patients and Tissue Specimens

The research was performed on formalin-fixed paraffin-embedded tissue (FFPE) spec-
imens from 68 patients with PDAC who were operated at the Department of Liver and
General Surgery, Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in
Torun (Poland). Histopathological diagnosis for each tumor sample was confirmed by two
independent pathologists, based on the hematoxylin and eosin (HE) staining in the Depart-
ment of Clinical Pathomorphology, Collegium Medicum in Bydgoszez. All tumors were
reclassified according to the standardized TNM 8th edition classification of The American
Joint Committee on Cancer (AJCC) criteria. To avoid excessive study complexity, the cohort
included only adenocarcinomas, and all other histological types were excluded from the
series. All clinical data were systematized and analyzed in detail. The study group included
68 patients (34 female, 34 male) with an average age of 63 years (range 43-81}. The most
common tumor location was the head of the pancreas (n = 60, 88.24%). In turn, pancreatic
body and tail tumors were less frequent (n = 8, 11.77%). Considering a histological grade,
5 samples were classified as differentiated (G1; 7.35%), 55 as moderately differentiated (G2;
80.88%), and 8 as poorly differentiated (G3; 11.77%) cancer tissue. Regarding pathologic
T stage, the study group consisted of 10 T1 (14.71%), 43 T2 (63.24%), 8 T3 (11.77%), 2 T4
{2.94%) and 5 Tx (7.35%) cases. Thirty-six (52.94%) patients were characterized by a positive
and 30 (44.12%) by a negative lymph node status (no data for 2 patients). Perineural
invasion was present in 42 (61.77%) patients, while vascular invasion was confirmed for
23 (37.10%) patients. Data concerning postsurgical survival were available for 62 patients,
and the median follow-up time was 1427 days. The study was carried out using the same
tissue specimens as in our previously published study [25], whereby the final follow-up
was extended to 6 September 2020. The control tissue (n = 64) was from 54 of the 68 PDAC
patients with the adjacent normal pancreatic tissue and another 10 specimens from nor-
mal peritumoral tissue of other PDAC patients. The study protocol has been approved
by The Ethics Committee of Nicolaus Copernicus University in Torun, Ludwik Rydygier
Collegium Medicum in Bydgoszcz (approval number KB 342 /2020).

2.2, Tissue Macroarrays and Invmunohistochemical Stairing

Representative tumor areas (tumor areas with at least 80% of tumor cells) and the adja-
cent areas of histologically normal tissue were selected in order to obtain tissue macroarray.
Tissue macroarrays were obtained by transferring representative large tissue fragments
from donor blocks into a new recipient block. One recipient block included 5 different tu-
mor samples from donors’ paraffin blocks. For verification tumor cells in tissue macroarray
blocks, HE staining was performed. THC studies were carried out on FFPE specimens at
the Department of Clinical Pathomorphology, Collegium Medicum in Bydgoszez, Nicolaus
Copernicus University in Torun, Poland. Selected paraffin blocks were cut into 3—4 pm
thick sections using a manual rotary microtome {Accu-Cut, Sakura, Torrance, CA, USA)
Subsequently, paraffin sections were placed on extra adhesive slides (SuperFrost Flus;
Menzel-Glaser, Braunschweig, Germany} and dried at 60 “C for 1 h. Next, sections were
deparaffinized and rehydrated. Antigen refrieval was performed using a high-pH buffer
{Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) at 95-98 “C for 20 min in an
automated PT-link system (Dako). Automated immunostaining for anti-5ATB1 antibody
{ab109122, Abcam, Great Britain), anti-SMAD3 antibody (ab28379, Abcam), anti-Ezrin
antibody (ab41672, Abcam) and anti-f-catenin antibody (ab32572, Abcam) was carried
out with EnVision FLEX+ HRP reagents (Dako). Endogenous peroxidase activity, as well
as the nonspecific binding sites, were blocked by incubation with 3% H>O: for 10min
at room temperature (RT) and 3% bovine serum albumin (BSA) for 15 min at RT, respec-
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tively. Tissue sections were then incubated with primary rabbit polyclonal anti-SATB1
antibody (1:200), primary rabbit polyclonal anti-SMAD3 antibody (1:500), primary rab-
bit polyclonal anti-Ezrin antibody (1:100) and primary rabbit monoclonal anti-f-catenin
antibody (1:100) for 30 min at RT. Finally, slides were incubated with EnVisionFlex+ Anti-
Mouse /Rabbit HRP-Labeled Polymer (Dako) for 20 min. The staining signal was devel-
oped with 3. 3'diaminobenzidine (DAB) solution. Tissues sections were counterstained
with hematoxylin and dehydrated in ethanol of increasing concentration (80, 90, %6, 99.8%),
then cleared in a series of xylenes (from I to IV). Finally, the slides were sealed with Dako
mounting medium.

2.3. Evaluation of Immunchistochemistry Staining

The IHC evaluation of protein expression was performed by two independent pathol-
ogists in the light ECLIPSE E400 microscope (Nikon Instruments Europe, Amsterdam,
Netherlands) at 20 original objective magnification. Each core was evaluated randomly
in three areas with obvious lesions.

The immuncexpression of studied proteins was evaluated according to the modi-
fied Index Remmele-Stegner (IRS) by multiplying the percentage of positively stained
cellsfareas and staining intensity. The percentage of positive cells/area was scored in the
following way: (0}—less than 10%, (1}—11-20%, (2}—21-50%, (3}—51-80% and (4}—equal
or more than 81%, and the intensity of the stain was scored using the following criteria:
(0}—negative; (1)—weak staining; (2)—moderate staining; and (3}—strong staining. The
final staining result, ranging from 0 to 12, was divided into two expression groups based
on a specific discrimination threshold set by the Evaluate Cutpoints software [26]. The
cut-off values for high and low expression of nuclear SATB1 (SATB ™y, SMAD3, Ezrin and
P-catenin were as follows: <1; =1, <8; =8, <8; =8, <4; >4, respectively. Cytoplasmic SATB1
{SATBI") expression was scored as positive or negative based on the presence (+) or absence
{—) of cytoplasmic tumor cell staining. Combined prognostic values of candidate biomark-
ers were evaluated in the following expression groups: cases with the co-expression of
SATB1™1ewSMA D3NS Ezrin®6h f-catenin®&" were analyzed in comparison with the op-
Pposite expression pattern (SATB1"M"SMAD3Y Ezrin'™ f-catenin'*), whereas “other”
defined all else expressive cases (the reference group); a similar scheme was followed for
the co-expression of SATB14F=0 G0 A DM Ezrin™ 8" Bcateninsh,

24. In Silico Analysis

To support our results and confront them with online available data, we additionally
assessed SATBI, SMAD3, EZR and CTNNEI expression in the TCGA cohort. Gene expres-
sion data for The Cancer Genome Atlas (TCGA) and Genotype-Tissue Expression (GTEx)
cohorts from 177 patients with pancreatic adenocarcinoma (146 with ductal histology)
and 165 of non-cancerous pancreatic tissues were obtained from www.cBiolPortal.org and
UCSC Xena Viewer (hitp:/ /xena.ucsc.edu/, accessed on 3 July 2020). The RNA sequencing
datasets (RN A-seq) were normalized via DESeq2 normalization, and data were divided
into low- and high-expression groups according to the cutpoints established in Evaluate
Cutpoints software. The cut-off values for positive (high) and negative (low) expression
of SATE1, SMAD3, EZR, CTNNB]I mRNA were as follows: <10.99; >10.99, <12.67; >=12.67,
<14.35; > 14.35, <14.68; =14.68, respectively. We created the expression combination of the
factors tested. Cases with the co-expression of SATB1°YSMAD3MsMEZRUShCTNNB1 Mish
were analyzed in comparison with the opposite expression pattern, whereas “other” defined
all else expressive cases.

2.5. Protein-Protein Interaction (PP Network Construction and Functional Enrichment Analysis

The 50 neighboring genes most relevant to the queried genes (CTNNB1, EZR, SATB1
and SMAD3) were filtered through the Search Tool for the Retrieval of Interacting Genes
(STRING) database (hitps:/ /string-db.org, accessed on 14 September 2021) and further
used to construct a network map, which was visualized via Cytoscape software version
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3.8.2. The cut-off criteria to construct the protein-protein interaction (PPI) network was
set as confidence score >0.4 and the maximum number of interactors = 50. The most
significant modules in the PPl network were identified using the Cytoscape plugin Molec-
ular Complex Detection (MCODE) [27]. The screening options were set as degree cut-
off = 2, max. depth = 100, k-core = 2 and node score cut-off = 0.2. The top 10 genes in
the network were screened as hub genes using the degree method with the CytoHubba
plugin [25] in Cytoscape software. Pathway analysis and visualization were performed
using the Reactome Pathway database (hitps://reactome org, accessed on 14 September
2021) [29]. To find KEGG Pathway and Gene Ontology (GO) categories (cellular compo-
nent {CC), biological process (BP’) and molecular function (MF)) shared by the analyzed
genes, the Database for Annotation, Visualization and Integrated Discovery (DAVID;
hitps:/ /david.ncifcrf gov, accessed on 14 September 2021) [30] was applied. The KEGG
BRITE (https:/ /www.genome.jp /kegg /brite. himl, accessed on 14 September 2021) [31]
was utilized to explore functional hierarchies of the imputed genes.

2.6. Statistical Analysis

Statistical analyses were performed using GraphPad Prism version 7.01 (GraphFad
Software, La Jolla, CA, USA) and SPSS version 26.0 software (IBM Corporation, Armonk,
NY, USA). The Mann-Whitney test was used to compare continuous variables, and Fisher's
exact or Chi-squared tests were used to compare the categorical variables. To assess the cor-
relations between the expression of SATB1, SMADS3, Ezrin/EZR and B-catenin/CTNNB1,
Spearman’s correlation coefficient was employed. Survival outcomes were assessed using
the Kaplan-Meier method, and differences were evaluated using the log-rank test. Univari-
ate and multivariate survival analyses were performed using the Cox proportional hazard
regression model. Additionally, 95% confidence intervals (95% Cls} and the hazard ratios
(HRs) were calculated. Variables that had a significant relation to OS5 in the univariate
analysis were introduced into the multivariate Cox regression model. The p value < 0.05
was considered statistically significant.

3. Results
3.1. Comparison of Protein Expression in Cancer and Normal Tissue and Its Relation to
Clinicopathelogical Characteristics in Our Colort

The study included the analysis of the expression of four proteins—SATB1, SMADS,
Ezrin and B-catenin. Representative images of IHC staining are presented in Figure 1 A-].
Comparison of SATB1" expression between PDAC and healthy tissue margin indicated
a statistically significant reduction in PDAC positive samples (p < 0.0001; Figure 2A).
Interestingly, in the case of cancer tissue, in 21 cases (30.88%), cytoplasmic labeling was
also present, which was not observed in any of the control samples (p < 0.0001; Figure 2B).
Fifty-two samples (76.47%) of tumor Hssue were characterized by low and 16 (23.53%) by
high SATB1" expression. SATB1" did not correlate with histological type, age, stage, pT
and pN status. However, we found its correlation with histological grade. Low SATB1"
expression was observed in 100% of G1 tumors (n = 5), 78.18% of G2 (n = 55) tumors and
50% of G3 tumors (1 = 8), and these differences were statistically significant (p = 0.03).
SATBI1* did not correlate with histological type, age, histological grade, stage or pT and pN
status (Table 1).
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Figure 1. Representative images of immunohistochemical expression of nuclear SATEL (A, B), cyto-
plasmic SATBL (C, D), SMAD3 (EF), Ezrin (G H) and f-catenin (1]) in pancreatic ductal adenocarci-
noma. Primary magnification » 20,
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Figure 2. Comparison of the immunohistochemical expression of nuclear SATEL (A), cytoplasmic
SATE1(B), SMAD3 (C), EZR (D) and B-catenin (E) in tumor and adjacent tissues of PDAC patients.

Considering the available literature data and the obtained results regarding SMAD?3,
only its nuclear expression pattern was included. For both normal tissue margin and tumor
samples, SMAD3 expression was confirmed in most of the cases (96.88% for control and
98.53% for tumor specimens). However, its level was significantly increased in the case
of PDAC samples compared to the adjacent tissue (p < 0.0001; Figure 2C). The adopted
division allowed for the determination of 26 samples (38.24%) with low and 42 (61.77%)
with high expression. The expression of SMAD3 did not correlate with histological type,
histological grade, age, stage or pT and pN status (Table 1).

In the case of Ezrin, the dominant expression pattern for tumor samples was membranous-

cytoplasmic (n = 55, 80.88%). Cytoplasmic without membrane labeling was visible for
13 samples (19.12%). In contrast, in normal tissue, the membrane-cytoplasmic pattern
was observed only for 28 specimens (n = 28, 45.16%}, while the most common was the
cytoplasmic one (100%). As shown in Figure 2D, compared to the adjacent tissue, tumor
samples were characterized by significantly increased expression of Ezrin (p < 0.0001). In
addition, overexpression of the protein was observed in 15 samples (22.06%), while low
expression was for 53 (77.94%). The expression of Ezrin did not correlate with histological
type, histological grade, age, stage and pN status. However, we found its correlation with
pT status (p = 0.048; Table 1). Ezrin overexpression was markedly more frequent in the
T3-T4 group (n = 5, 50.00%) than T1-T2 (1 = 10, 18.87%).

For p-catenin, the membrane expression pattern was assessed. In normal tissue, mem-
brane expression was observed in all (100%) samples. In turn, for tumor tissue, membrane
expression was present for 61 (89.71%) cases. Comparison between control and tumor
tissues showed a statistically significant decrease in the f-catenin expression in PDAC
specimens (p < 0.0001; Figure ZE). Twenty-five cancer tissue specimens were characterized
by low (36.77%) and 43 by high membrane expression (63.24%). The expression of p-catenin
did not correlate with histological type, histological grade, age, stage or pT and pN status
(Table 1).
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3.2. Association between the Protein Expression and Patient Survival in Owon Cohort
Next, we constructed Kaplan-Meier curves to determine the impact of individual

expression patterns of the studied proteins on the overall survival (OS) of PDAC patients.

A suggestive association was observed between SATB1" expression and OS, but without
statistical significance (297 days vs. 561 days, p = 0.118; Figure 5A). Notably, the presence
of SATB1¢ expression in PDAC was associated with a significantly shorter OS rate {median
05: 117 days) than the absence of SATBIC expression (median O5: 458 days; p = 0.036;
Figure 3B). Combining these two staining patterns of SATBI1 did not improve the survival
prediction (Figure S1, Tables 51 and 52). Furthermore, Kaplan-Meier survival analysis
indicated that FDAC patients with a high level of SMAD3 expression (median 05: 290 days)
had lower OS5 rates (p = 0.004) than those with SMAD3 low expression level (median
O&: 531 days, Figure 3C). Analysis of patient survival data also showed that low Ezrin
expression correlated with a higher OS5 rate (median OS: 450 days) than high expression
(median 05:118 days). This survival difference was of borderline significance {(p = 0.055,
Figure 30)). Low B-catenin expression tended to be associated with longer survival (median
O5: 450 days) than high (median 05: 274 days; p = 0.088, Figure 3E).
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Figure 3. Kaplan-Meier survival curves stratified by SATBI" (A}, SATB1 (B), SMAD3 (C), Ezrin (D)
and f-catenin (E} expression in pancreatic adenocarcinoma. Protein expression was measured using
immunohistochemistry, and the calculated IRS scores werne divided into two categories as specified in
the Material and methods.
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3.3. Significance of Assessed Characteristics as Prognostic Factors in Own Cohort

To further examine the prognostic value of the studied proteins as single indicators,
univariate and multivariate survival analyses were performed using the Cox proportional
hazard regression model. The univariate Cox analysis pointed to age (p = 0.04), TNM
stage (p = 0.03), vascular invasion (p = 0.01), SATB1" (p = 0.039) and SMADG (p = 0.005) as
significant prognostic factors for OS in PDAC patients. In turn, Ezrin expression reached
borderline significance (p = 0.06). After adjusting for classical prognostic factors using
the multivariate Cox regression analysis, the strength of this association increased and
was statistically significant (p = (L.01). Furthermore, the multivariate analysis confirmed
the significance of high SMAD3 expression (HR 3.08, 95% C1 1.52-6.23, p = 0.002) as an
independent negative prognostic factor for PDAC patients. Moreover, SATB1" expression
was indicated as an independent poor prognostic factor of near significance (HR 1.86, 95%
C1093-3.74, p = 0.08) after adjustment for age, TNM stage and LVL The results of univariate
and multivariate Cox analyses are shown in Tables 2 and 3, respectively.

Table 2. Univariate analysis of prognostic factors by Cox proportional hazard model in own cohort.

Univariate Analysis of Own Cohort

Variable HR o p Value
Lower Upper

SATEI™ 1.73 0.86 347 012
SATBI® 1.87 103 340 0.039
SMAD3 240 1.31 440 0.005
Ezrin 1.80 0.95 3.30 0.06
P-catenin 164 0.92 292 0.09
age 1.03 100 .07 0.04
gender 096 0.56 1.65 0.88
grading 095 0.37 241 0.91
p 1.30 0.74 227 036
pT 1.09 0.53 227 0.81
THNM stage 208 1.09 3.98 0.03
PN 1.58 0.89 252 0.12
LVl 216 1.17 3.96 0.01

Si,gnif‘i.can.t p values {p < 0.05) are marked in bold. Abbreviations: CI, confidence interval, HR, hazard ratio;
LVIl—vascular invasion; PNI—perineural invasion.

3.4. Correlation between the Expression of SATE1, SMADS3, Ezrin and f-Catenin in Own Cohort

A weak negative and significant association was found between the expression of
p-catenin and SATB1" (r = —0.291, p = 0.015). In addition, a weak positive and signifi-
cant association was revealed between the expression of f-catenin and SMAD3 (r = (1251,
p=0.039). Furthermore, moderate positive and significant association was confirmed
between the expression of f-catenin and SATB1® (r = 0.321, p=0.007). A weak positive asso-
ciation was also noted between the expression of SATB1 and SMAD3, but this correlation
did not reach statistical significance (r = 0.214, p = 0.08).
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Table 3. Mullivariate analysis of prognostic factors by Cox proportional hazard model in own cohort.

Multivariate Analysis of Own Cohort

95% C1 95% a5% CI
Variable HR ——— pValue  varbable HR ———— pValue varable HR ————— pValue
Lower Upper Lower Upper Lower Upper
SATBEI" 119 0.5 255 (L SATEI® 1.8a n.s3 374 0.08 SMADI 308 1.52 623 ooz
age 1M 1.0 Loa o3 age 105 1.01 Lin fois age 1.05 101 109 0.024
T 228 1.09 4.7 o3 Thin 246 1.22 495 f.o1z il 79 1.38 567 L.oos
stage stage stage
VI 759 133 5.02 0.005 L¥1 276 140 543 0003 VI 271 138 530 0.004
a5% C1 5% O
Variable HR ——————— pValue Varable HR ————— p Value
Lower Upper Lower Upper
Ezrin 27 1.25 5.85 0.1 - B _ 1a9 084 33z 013
catenin
age 105 1.01 Log 0.013 age 105 101 Log Lolg
TNM TNM )
stage 11 104 427 0,058 stage 232 Lla 464 o.oiF
LvI 355 1.74 726 0,001 L¥1 1 135 5.15 0.004

Significant p values {p = 0.05) are marked in bold. Abbreviations: Cl, confidence interval;, HR, hazard ratio;
LVI—vascular invasion. HR- adjusting for age, TNM stage, VL

3.5. Comparison of mRNA Expression in Cancer and Normel Tissue and Its Relation to
Clinicopathelogical Characleristics in TCGA Colort

In 177 PAC, based on the established cutpoint, high SATBl mRNA expression of
SATE1 mRNA was observed for 106 cases (59.89%). There was no significant difference
in the expression levels of SATB1 between PAC and normal pancreatic tissues (p = 0.96%4;
Figure 4A). SATH] level was dependent on pN status (p = (L026}). In the case of SMAD3 more
samples were characterized by high expression (n = 103, 58.19%) than low (n = 74, 41.81%).
The expression of SMAD3 mRNA was significantly higher in PAC tissues compared to
normal pancreatic tissues (p < 0.0001; Figure 4B). SMAD3 expression correlated with
grading (p = 0.012), pT status (p = 0L026) and TMN stage (p = 0.008). High EZR mRNA
levels were found in 145 (81.92%) PAC cases, whereas the remaining 32 (18.08%) had
low levels of this marker. The expression of EZR mRNA in PAC Hssues was significantly
up-regulated as compared with normal pancreatic tissues (p < 0.0001; Figure 4C). EZR level
was dependent on grading (p = 0.02), pT status (p = 0.0157) and TNM stage (p = 0.0007).
More of the patients were characterized by high CTNNE1 expression (n = 120, 67.80%)
than low (n = 57; 32.20%). Additionally, in the case of CTNNEI, its mRNA levels were
significantly higher in PAC tissues compared to normal pancreatic tissues (p < 0.0001;
Figure 4D). The analysis showed statistically significant associations between CTNNB1
expression and grading (p = 0.001), pT status (p = 0.009), pN status (p = 0.0002) and TMN
stage (p = 0.0001). The described results are presented in Table 4.

A TCGA: SATE B TCGA: SMAD c TCGA: EZR D TCGA: CTHNE!
e n = 09694 p < 0.0001 - p = 0.0001 » o s 0.0001
i » == g = w
" l_ I .=.11. ...I_ i“ T
| = L = i =k
Iw | | i [ "
o |_ 1 Eu = tu —— !
" Kons Tumm Woma Tumor Mormal T Woma  Tuma

Figure 4. Comparison of mRNA expression levels of SATB1 (A}, SMAD3 (B), Ezrin (C) and CTNNB1
(D) in tumor and normal Hssues in PAC patients of TOGA cobort.
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Table 4. mENA expression and its relationship with clinicopathological features of PAC patients in
TCCA cohort.

SATE] Expression SMADI Expression EZR Expression EEI'NN.H:"
Variables u %) r Value p Value p Valug ———————— p Value
Low High Low High Low High Low High
uw=Tl n =106 n=T4 n=103 n=3521 n= 15 n=57 = 1
Age
[years)
<& - 20 ) 2 E 11 48 15 a4
(33.33) (33.50) (6610} 026 {3725 [BZ.7I} 04z {1864} (B1.36) =099 (25.41) (74.58) 023
50 118 51 6T 2 6 F1 a7 a2 Th
[{= el 143.22) {36.78) {44.07) [A5.93) {1750} (B22m) (3559 [{Z ]
Cender
Male a7 an 57 41 56 x el 30 67
(54.80) (L2} {58.76) 076 {42.27) (5773 9% {2062 (79.38) 043 13093, (BE.07) 075
Female ?Cl 3 49 33 47 _I2 (3 = 53
(45.30) (38.75) {61.25) {41.25) (SE.T5) {15.00) (BS.AND) (3375 (66.25)
Gradimg
{a 11 3;] I‘,-I.ll:';ti] 11;.;."5[ M'I.Ii‘? [30;]';'” 1]5:.;“} [ﬁf‘;?l SEN:IﬁI td.]l:';-lj
7.51) . = 1 b K 158 A
- oy " ™ na3 & 54 1 X1 b 15 - 0020 ar &7 ‘Du0irL
(5312) (AL4A3) 39257} (42.55) (57 45} {15.96) B 0E) (2872} TLI8)
o, 50 19 3 u 36 £ 1 40
G mmasy (mwom ez (00 (7200) SR ue oy (000 (EL0)
pT status
112 ao 12 18 18 12 10 0 1 i
= (16.95) 1400.00) (&0} 050 {6 (A0L00) DLOZE {3333} (66671 0057 (5333} 146,67} X1
THTe 145 57 ] 54 91 x 125 3% 106
(§152)  (39.31) (60.69) (3724 (6276} {13.79) (R6.21) (26.90) {73.30)
PN status
- 19 15 42 % 3 12 & 26 2]
(27 68) (53.06) {B3.7T) 006 {33.06) (694} .06 {24.49) [351) o1 i530) 6.2 0.0002
i 13 4z -1 45 b} 1% 28 us
(63.54) (34.15) {65.85) {36.59) (6EAL) {1332) (B&.18) (2276} (77.24)
THM stage
1 1n 11 15 12 15
| ey - & (Z8.57) 2 [4ZE6) -y B{2857)
(11.85) 47.61) F238) {71.43) (57.14) (7143}
i 145 55 a 0:38 Ex a3 i 14 128 0007 ® 108 o
(E2.49) (3767 {A2.33) {3630 16370} {1233) [B7.67) (206} i73.97)
-1V B(d52)  4(5000) 4{5000) 4050000 4(50.00) 3(IT50)  S(A25D) 2(3500) 6 {FT500)

Significant p values (p < 0.05) are marked in bold.

3.6. Association between themRNA Expression and Patient Surpival in TCGA Cohort

Survival analysis of the TCGA cohort showed that SATB1 expression was not signifi-
cantly correlated with OS (median OS for low vs. high expression = 517 vs. 695, p = 0.123).
While for SMAD3, EZR and CTNNEI, high expression was connected with a poorer sur-
vival rate {median OS5 for high vs. low expression = 498 vs.1332, 592 vs. undefined and
592 vs. 2182, respectively). Except for SATE], all the results were statistically significant
(p < 0.0001 for SMAD3 and EZR, and p = 0.0001 for CTNNE1). Kaplan-Meier survival
curves are presented in Figure 5.

3.7. Significance of Assessed Characteristics as Prognostic Factors in TCGA Cohort

The univariate Cox analysis showed that SMAD3 (p < 0.0001), EZR (p < 0.0001) and
CTNNB1 (p = 0.002) expression levels were prognostic factors for OS of statistical signifi-
cance, as well as age (p = 0.01), grading {p = 0.02), pN (p = 0.01) and pT status (p = 0.02). In
turn, the multivariate analysis pointed to SATE1 (p = 0L002), SMAD3 (p = 0.05) and EZR
{p = 0.033) expression as independent prognostic factors for O5. The obtained results are
presented in Tables 5 and &, respectively.

3.8, Correlation belween the Expression of SATB1, SMAD3, Ezrin and CTNNB1 in TCGA Cohort

Spearman correlation coefficient statistics uncovered strong positive correlations be-
tween SMAD3 and EZR (r = 0.757; p < 0.0001) as well as between CTNNE1 and SMAD3
(r = 0.606, p = 0.0049). Moreover, a moderate positive and significant association was found
between the expression of CTNNB1 and EZR (r = 0.512, p < 0.0001). A weak positive and
significant association was also confirmed between the expression of SATE] and CTNNE1
{(r =0.244, p = 0.001). There were no other connections between studied mRNAs.
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Figure 5. Kaplan-Meier survival curves stratified by SATB1 (A), SMAD3 (B), EZR (C) and CTNNBE1
(D) mBNA levels in TOGA cohort.

Table 5. Univariate analysis of prognostic factors by Cox proportional hazard model in TOGA cohort.

Univariate Analysis of TCGA Cohort

Variable HR 20 p Value
Lower Upper

SATE 073 048 1.09 012

SMAD3 224 145 354 <0.0001

EZR 465 202 10.69 <0.0001
CTNNBI 291 134 365 0.002
age 103 101 1.05 0.01
gender 0.81 0.54 1.23 033
grading 218 115 413 0.02
pN 210 125 .52 0.01
pT 291 114 478 0.02
TIM stage 0.74 .23 234 0.60

Significant p values (p < 0.05) are marked in bold. Abbreviations: CI, confidence interval; HR, hazard ratio;
TCGA—The Cancer Genome Allas.
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Table 6. Multivariate analysis of prognostic factors by Cox proportional hazard model in TCGA cohort.

Multivariate Analysis of TCGA Cohort

95% C1 95% C1
Variable HR pValue  Varable HR p Value
Lower Upper Lower Upper
SATBI1 050 0.3z 078 0.002 SMAD3 1.57 0.99 249 .05
age 1.02 1.00 1.04 0.09 age 102 1.00 104 0.4
grade 1.76 092 337 0.09 grade 1.51 079 289 0
PN 253 142 452 0.0:016 pN 1.77 1.02 309 0.4
pT 132 64 72 046 pT 143 070 252 0.32
95% C1 95% C1
Variable HR p Value Variable HR p Value
Lower Upper Lower Upper
EZR 250 1.07 583 0.033 CTNMNBI 142 0.83 245 0.20
age 1.02 1.00 104 0.05 age .02 1.00 104 0.4
grade 143 0.75 274 0.28 grade 154 0.81 204 0.19
PN 1.83 L.0% 317 0.030 pN 176 0.98 314 0.06
pT 132 (L65 269 045 rT 1.39 0.68 286 037

Significant p values (p < 0.05) are marked in bold. Abbreviations: CI, confidence interval; HR, hazard ratio;
TCGA—The Cancer Genome Atlas. HR: adjusting for age, grade, pi and pT.

3.9. Overall Survival Analysis According to the Combined Biomarker Expression

Following the establishment of the significance of the investigated factors as single
prognostic markers, we also examined the effect of their combined expression on 05 in
both our cohort and the TCGA cohort. Kaplan-Meier analysis revealed that the worst 05
was observed in patients whose PDACs co-expressed SATB15 PG\ ADIMEN Ezpinhish g .
catenin™&®, In turn, patients whose PDACs had opposite expression profiles of these
proteins had significantly longer O5 (8 vs. 1160 days; p = 0.001; Figure 6B). In univariate
(HR 3.06, 95% C1 1.27-7.36, p = 0.01; Table 7B} and multivariate (HR 7.32, 95% C12.05-26.21,
p = 0.002; Table 5B} analyses, the combined SATBE1ePresentGhg A DAMEN Ezrinhleh f-cateninhish
was a significant poor prognostic factor for OS with a particularly high hazard ratio when
compared to each marker as a single indicator. Furthermore, SATB1" /SMAD3/Ezrin /-
catenin expression panel was significantly related to the duration of OS5, with patients in the
SATBI™MERSM AD3 Ezrin'™ B-catenin'™" expression group experiencing the longest sur-
vival {median overall survival not reached), whereas the opposite pattern of the expression
panel predicted a poor survival (118 days, p = 0.023; Figure 6A). The SATB1™hishShMA D3l
Ezrin'* f-catenin®™ expression group was associated with a reduced risk of death by
89"% after adjusting for age, tumor stage and LVI (HR 0.11, 95% CI 0.01-0.93, p = 0.004;
Table 5A). In turn, in univariate and multivariate analysis, the crude and adjusted HRs
were 216 (95% C1 1.03-4.52, p = 0.04) and 2.91 (95% CI 1.07-7.91, p = 0.04), respectively, for
SATB1™ /SMAD3ME" / Ezrin™6h / B-catenin™s" expression group (Tables 7A and BA).
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Figure 6. Overall survival analysis according to the combination of the panel (A)SATB1%/
SMAD3/Ezrin/ B-catenin, (B) SATB1®/SMAD3 /Eenn/ f-catenin and (C) TCGA: SATBI /SMAD3/
EZR/CTNNBL.

Table 7. Univariate analysis of prognostic factors by the Cox proportional harzard model for com-
bined expression.

(A) Univariate Analysis of Own Cohort: SATB1"/SMAD3/Ezrin/fi-Catenin

95% C1
Variable HR —_—  p Value
Lower Upper
Others Ref.
SATBITMENSMA DA™ Exrin'™ fi-catenink™ 0.21 0.03 L&0 013
SATBIT o S A DINEN Earinh [ -ca teninbeEh 216 1.03 452 0.04

{B) Univariate Analysis of Own CohortSATBEIY/SMAD3 /Ezrin/f-Catenin

95% CI
Variable HR p Value
Lower Upper
Others Ref.
SATB1= Preemtang A DA EorinEh B catenin hish 3.06 127 736 0.01
SATB1-bsentgp ) AD3IOW Ezdnk™ B-catenin'™ 0.26 008 086 0.03
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Table 7. Cont.
{C) Univariate Analysis of TCGA Cohort: SATBI/SMADAEZR/CTNNE1
95% CI
Variable HR ———  pValue
Lower Upper
Others Ref.
SATB1lowgngA D3EhEZRhish CTN N B high 297 1BA3 4745 <0001
SATB1EhSN A DRlow EZR W CTNNEL 035 0084 1420 014

Significant p wvalues [p < 0.05) are marked in bold. Abbreviations: Cl, confidence interval; HR,
hazard ratio; TCGA—The Cancer Genome Atlas. (A} Univariate analysis of own oohort: SATBIY/
SMADS3, Ezrin/ B-catenin:SATBI™ &M 4 DI¥ Ezrin!® B-catenin®™ {n = 5); SATBI™SNA D3NN Erpinhieh g
catenin™® (i = 9); Others (n = 54). (B) Univariate analysis of own cohorl: SATBI/SMADS/ Ezrin,/ p-
cateninSATE1CPreent SLA DI Errinth f-catenin®h (0 = 6); SATBIC @GR AW Errin f-cateninh™
{n=B); Others (n = 54). (C) Univariate analysis of TOGA cohort: SATBL/SMAD3/EZR /CTNNELSATE] b
SMADE"E" EZRMPCTNNBIME" (n = 32); SATBI"#"SMADA™ EZR™ CTNNBLY™ (i = 12); Others (i = 133).

Survival analysis of the TCGA cohort showed that SATB1/SMAD3/EZR/CTNNB1 ex-
pression panel was strongly associated with 05 (381 days vs. undefined, p < l].t]ﬂﬂl;hiigum 6C).
The univariate analysis demonstrated that SATB1SMAD3 M EZRMEMCTNNB 18! expres-
sion was significantly associated with a worse survival prognosis (HR 297, 95% C1 1.86-4.76,
p < 0.0001; Table 7C), and it persisted as an independent prognostic factor for poorer OS5 in
the multivariate analysis (HR 3.28, 95% CI 2.02-5.33, p < 0.0001; Table 8C).

Table 8. Multivariate analysis of prognostic factors by the Cox proportional hazard model for
combined expression.

{A) Multivariate Analysis of Own Cohort: SATB1"/SMAD3/Ezrin/B-Catenin

95% CI
Variable HR m p Value
Others Ref.
SATBI+hEhSNA DA™ Erin!o™ f-cabenin'™™ 011 0.0 093 0.04
SATBI™ ™ SMADFMEM Eerinhh B -cateninfieh M 1.07 791 0.04
age 106 102 111 0.005
THNM stage 167 0.77 3.62 019
LVI 381 1.85 783 <0.0001
(B} Multivariate Analysis of Own Cohort:SATB1%/SMAD3 /Ezrin/B-catenin
Variable HR —IE% - p Value
Lower Upper
Oithers Ref.
SATBR1 Pt A DRNEN Errin™6h 8-catenin™sh 732 205 26.21 0.002
SATB1-bentgh M ADZ™ Exdnk™ f-catenin™ 009 .oz 046 0.003
age 107 1.03 112 0.001
THM stage 308 149 6.36 0.002
[RY 268 137 525 0.004
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Table B. Cont.
{C) Multivariate Analysis of TCGA Cohort: SATBI/SMAD3IEZR/CTNNB1
Variable HR —95% = p Value
Lower Upper
Others Ref.
SATB1"SMA DM EZRMECTNNB Pt 3.28 20 5.33 <0001
SATBIMENSMA DA EZREWCTNNBL oW 0.57 014 235 044
age 1.02 1.00 105 0.01
grade 157 n.83 298 017
pN 224 1.27 395 (LN}
T 128 n.61 266 051

Sigmificant p values {p < (1L05) are marked in bold. Abbreviations: CI, confidence interval; HR, hazard ratio;
LVIl—wvascular invasion. HR: adjusting for age, TNM stage, VI HE from TCGA: adjusting for age, grade, pM,
PT. (A) Multivariate analysis of own cobort: SATB1" /SMAD3/ Ezrin/ B-cateninSATB1™ MEhSM A DA™ Ezrin™™ fi-
catenin®® (n = 5); SATBI™owSMADANEErrinhsh f-catenint® (n = 9); Others (n = 54). (B} Multivariate
analysis of own cohort: SATBI®/SMAD3 / Ezrin/ B-catenin S ATB 1o Prsent Sh 4 DatEh Errim sl f-cateninhish
(i = 6); SATBIcat=enighg A DAl Exriplow B_catenin!® (n = 8) Others (v = 54).  (C) Multivariate analy-
sis of TCGA cohort: SATB1/SMADS /EZR/CTNNB]: SATB1“*SMADZ"# EZR""CTNNBI (v = 32);
SATRIMSESMA DI EZRM CTNNBI'™ (n = 12); Others (n = 133).

3.10. PPI Network Constructionand Functional Enrichment Analysis

To better understand the biological relationship of f-catenin, Ezrin, SATB1 and
SMADS, the PPl network consisting of seed proteins and their interaction partners was
constructed using the STRING online database and Cytoscape software (Figure 7A). There
were 54 nodes and 538 edges in the PPI network (PPI enrichment p value < 1.0 x 1018
local clustering coefficient 0.69). Further details on the network parameters were obtained
by the Cytoscape plugin Network Analyzer, and these are presented in Supplementary data
{Table 53). The 10 hub genes were then determined based on the degree score of the nodes
in the network using the Cyvtoscape plugin cytoHubba (Figure 7A; colored nodes). Next,
the top two cluster subnetworks were identified from the PP1 network with the help of the
MCODE plugin (cluster 1: 25 nodes, 236 edges, cluster score: 19.67 (Figure 7B); cluster 2:10
nodes, 18 edges, cluster score: 4.0 (Figure 7C}).

Furthermore, the Reactome Pathway, KEGG Pathway, GO and KEGG Brite enrichment
analyses were performed to predict signaling pathways, gene ontological features and
functional hierarchies of CTNNB1, EZR, SATB1, SMAD3 and their 50 interaction partners.
The Reactome Pathway hierarchy panel is illustrated in Figure 5A. This analysis showed
that the queried genes and their neighbors were mainly involved in signaling by WINT /-
catenin, diseases of signal transduction by growth factor receptors and second messengers,
transcription and signal transduction (Figure 5B). KEGG pathway analysis demonstrated
that the imputed genes were highly associated with adherens junction, endometrial cancer,
WNT signaling pathway, Hippo signaling pathway and pathways in cancer (Figure YA).
KEGG BRITE functional hierarchies revealed that there was a preponderance of genes
representing transcription factors, chromosome and associated proteins, enzymes and
cytoskeleton proteins (Figure YB). In GO analysis, the most enriched ontology terms were
canonical WNT signaling pathway (Figure %C), cell-cell adherens junction (Figure 9D} and
p-catenin binding (Figure YE).
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Figure 7. Protein-protein interaction network for B-catenin, Ezrin, SATB1, SMAD3 and their
50 neighbors.  PPI network properties, such as node degree and clustering coefficient, are visu-
alized by shape size and label font size, respectively. Top 10 hub genes in the network identified by
the CytoHubba Cytoscape plugin are highlighted in a red to yellow gradient. The deeper color, the
higher degree of enrichment. Other nodes in the network are highlighted in blue (A). The MCODE
dustering algorithm was used to identify the dusters in the PPI network. The top two clusters
identified by MCODE are displayed (B,C).
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Figure 8. Reactome Pathway functional enrichment analysis for CTNNEI, EZR, SATE1, SMAD3 and
their 50 interaction partners. {(A) Reactome Pathway hierarchy panel; (B) Top 30 Reactome pathways.
The pr value was calculated and sorted with =logl0 (p value).
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Figure 9. KEGG Pathway, KEGG Brite and GO functional enrichment analysis for CTNNE1, EZR,
SATEBI, SMADS and their 50 interaction partners. (A) Top 15 terms in KEGG pathway analysis;
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(B) all terms in KEGG Brite analysis; (C) Top 15 terms in biological processes (BP) category; (DY) Top
10 terms incellular components (CC) category; (E) Top 10 terms in molecular funchions (MF) category:
The p value was calculated and sorted with —~logll (p value).

4, Discussion

In this study, we investigated the associations between the expression status of SATB1,
SMAD3, Ezrin, p-catenin and clinicopathological variables, including survival outcome of
PDAC patients. Impaortantly, we evaluated the utility of the examined factors as prognostic
markers in pancreatic cancer separately and in combination. To verify the results, we
complemented the protein expression data of our cohort with mENA-seq data of PAC cases
obtained from the TCGA. In addition, the protein-protein interaction (PPI) network for
f-catenin, Ezrin, SATB1, SMAD3 and their 50 neighbors was constructed and function-
ally annotated.

In the past few vears, several studies have been conducted to evaluate the expression
level and role of SATB1 in many human cancers, including PDAC [32-34]. In our inves-
tigation, expression of SATB1™ was significantly reduced or lost in PDAC specimens as
compared to non-cancerous adjacent tissues, while SATB1 was present in the abnormal
tissue, but it was not observed in any of the control samples. Guo et al. revealed that SATB1
expression was significantly upregulated in pancreatic cancer specimens compared to in
non-cancerous adjacent tissues [32]. However, Guo et al. did not specify what type of
SATB1 immunoexpression patterns they assessed, but on the representative micrograph of
pancreatic cancer tissue, exclusively cytoplasmic pattern could be seen [32]. Our finding
suggests that cells of the pancreatic ducts undergo a significant loss of SATB1" expression
during pancreatic carcinogenesis, and this preferentially takes place in well-differentiated
and moderately differentiated cancer cells than in the poorly differentiated ones. Notably,
loss of SATB1" expression in FDAC specimens was associated with reduced OS5 (297 days
vs. 561 days), but the survival difference was not statistically significant {p = 0.118). On the
other hand, SATB1* was only present in PDAC (30.88%) but not in the control tissue, leading
us to hypothesize that this staining pattern may have a clinical meaning in PDAC. Indeed,
patients with SATB1* expression had significantly shorter median OS than patients without
cytoplasmic SATBI staining (458 vs. 117 days). Furthermore, in the multivariate analysis
accounting for conventional risk factors, SATBI1C expression tended to be an independent
prognostic factor for poor overall survival. Our study may be simply underpowered to
observe statistically significant effects of SATB1 in our cohort because of the relatively small
sample size and the limited number of samples overexpressing SATB1" or those exhibiting
cytoplasmic SATB1 staining. Nevertheless, without reaching statistical significance in
certain survival analyses, our results do not allow us to infer anything conclusively on the
role of SATB1 in PDAC. However, they still raise the possibility that SATB1 may function
as a tumor suppressor in at least some PDAC cases, i.e., under specific clinicopathological
circumstances. SATB1 functions as a nuclear DNA-binding protein, and herein, it was
SATB1's inability to fulfill its nuclear roles due to the loss of nuclear expression and /or
cytoplasmic retention that correlated with a poor prognosis of PDAC patients. It is not
unexpected, given that SATB] acts as a global epigenetic and transcriptional regulator of
gene expression. Thus, loss of its function may lead to widespread genomic consequences
that can contribute to cancer [35]. Furthermore, in our TCGA data, high expression levels
of SATBT mRNA were found to predict better O5 independently of age at diagnosis, tumor
grade, as well as pT and pN stage. As an aside, Nakayama et al. reported that cytoplasmic
SATBI1 localization in T cells could be attributed to a single point mutation at either Lys29
or Arg32, which abrogates its nuclear localization [36]. Whether this stays true in PDAC
requires additional studies. Additionally, the fact that cytoplasmic SATB1 labeling was
exclusively observed in cancer cells, but not in normal cells, which retained nuclear ex-
pression in the majority of cases (95.31%), argues in favor of a potential tumor-suppressive
function of SATEL in PDAC. It is generally known that tumor suppressors possessing
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transcriptional functions tend to localize in the nucleus of normal cells but in the cytoplasm
of cancer cells [37]. In the context of clinical utility, our study is suggestive of the opposite
prognostic meaning for the cytoplasmic and nuclear SATE] in pancreatic adenocarcinoma.
However, this conclusion is hampered by the fact that, in our series, the association bebween
high SATB1" and improved OS did not reach statistical significance. More convincing
evidence is therefore required to ascertain whether the clinical impact of SATB1 indeed
corresponds to its subcellular distribution in PDAC. From all this, we can more confidently
conclude that our research results recommend the individual analysis of cytoplasmic and
nuclear SATBI for a more precise prognostic prediction in pancreatic adenocarcinoma.

As far as we are aware, the present study is the first to distinguish the individual
prognostic impact of cytoplasmic and nuclear SATB1 in PDAC. Previous studies, including
our own [35], performed similar analyses in colorectal cancer [35,39] and non-small cell
lung cancer [35]. We found that in our series of PDACSs, the prognostic ability of cytoplas-
mic SATB1 in OS5 analysis was even superior to nuclear SATB1. In turn, nuclear SATB1
expression was evaluated by Elebro et al., who demonstrated its association with adverse
prognosis in pancreatobiliary-type adenocarcinomas and its ability to predict responses
to adjuvant treatment in both intestinal-tvpe and pancreatobiliary-type periampullary
adenocarcinomas, including pancreatic cancer [34]. Moreover, Chen et al. have shown that
SATBI expression is associated with pancreatic cancer invasion depth and tumor staging,
which confirmed their in vitro results showing that SATB1 promotes pancreatic cancer
proliferation and invasion [33]. Nevertheless, the authors, similar to Guo et al., did not
specify what type of SATB1 immunoexpression patterns they evaluated, making the results
hard to compare [22,33]. Undoubtedly interesting and complex, yet still inconsistent or
contradictory picture of SATB1 emerges from pancreatic cancer studies. Therefore, SATB1's
role in PDAC merits further examination in additional patient cohorts, as well as in a
mechanistic context.

As demonstrated by Lv et al, SATB]1 might promote the epithelial to mesenchy-
mal transition by increasing the aberrant expression of B-catenin [4(1]. SATB1 has also
been shown to interact with -catenin and recruit it into its genomic binding sites, hence
mediating Wnt/ f-catenin signaling in T-helper type 2 cells. Additionally, in our study,
SATB1 expression was found to be correlated with that of p-catenin, both at protein and
mRENA levels [41]. Notably, in our investigation, we observed that f-catenin expression
in PDAC was membranous and cytoplasmic but without nuclear staining. In accordance
with Wang et al., we found no association of cytoplasmic f-catenin expression with PDAC
(Figure 52, Tables 54-56); therefore, our results considered only membrane staining pat-
tern [42]. Consistent with some previous studies, the membranous expression of f-catenin
was significantly lower in PDAC than in adjacent normal tissue [43-45]. However, opposite
findings have also been made in some other studies. Indeed, up-regulation of B-catenin
in PDAC was presented by Wang et al., Zeng et al. and Magliano et al. [42,46,47]. These
discrepancies are most probably due to different control tissues and evaluation of different
staining patterns. In contrast to our cohort, CTNNET mENA was significantly up-regulated
in PAC tissues of the TCGA cohort compared with normal pancreatic tissues. At mRNA,
but not protein level, high expression of CTNNBT was associated with features of biolog-
ical aggressiveness, including high grade, increased T stage and advanced TMN stage.
Kaplan-Meier survival analysis of our dataset showed that there was a suggestive associ-
ation between high j-catenin expression and shorter survival of PDAC patients (274 vs.
450 days; p = 0.09). In the TCGA cohort, this association was statistically significant (592 vs.
2182 days; p = 0.001). Nevertheless, neither protein nor mRENA expression of f-catenin was
an independent prognostic factor when considering confounding factors, including age,
tumor stage and LVL Sano et al. showed that a high IHC score for fi-catenin correlated with
a poor prognosis, but the researchers evaluated nuclear expression in tissues from PDAC
patients and did not perform th multivariate analysis [43]. The opposite relationship regard-
ing B-catenin protein expression and patient survival was presented by Saukkonen et al.,
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however, due to the difficulty in evaluating membrane and cytoplasm staining separately,
the authors of the cited results assessed only cytoplasmic expression pattern [12].

In our investigation, we also found positive associations between the expression of -
catenin and SMADS3, both in our cohort and TCGA cohort. Furthermore, SMAD3 expression
was significantly higher in PDAC specimens as compared to control issues both at mRNA
and protein levels, which is consistent with the report of Yamazaki et al. [49]. Furthermore,
our analyses showed that patients with high SMAD3 expression had significantly lower
median O5 than did patients with SMAD3 underexpression (290 vs. 531 days). Importantly,
further analysis using a Cox proportional hazard regression model revealed that SMAD3
expression was an independent prognostic factor predicting poorer survival in PDAC
patients. Analysis of SMAD3 mRNA levels from the TCGA cohort confirmed these results.
Similar findings regarding OS5 have been presented by Yamazaki et al. [49]. Moreover,
they demonstrated that the expression of SMAD3 in PDAC correlated with malignant
characteristics, including EMT-like features and lymph node metastasis. This is in partial
agreement with our study since we observed a significant correlation of SMAD3 mRNA
but not protein expression with the features of aggressive tumor behavior, such as higher
grade, positive nodal status, higher pT category and TNM stage. These results confirm that
SMADS3 expression may reflect the malignancy potential of PDAC and serve as a biomarker
of a poor prognosis.

Spearman’s analysis showed strong positive correlations between SMAD3 and EZR in
the TCGA cohort. Recently, various studies demonstrated that Ezrin may play an important
role in cancer progression, while its overexpression correlates with patient survival and
various clinicopathological parameters [50-52]. According to our report, Ezrin expression
was elevated in PDAC samples compared to adjacent tissues, which is consistent with
the studies by other researchers [50,52,53]. Immunchistochemical analysis of our cohort
showed that Ezrin protein expression did not correlate with clinicopathological parameters.
However, EZR mRNA expression significantly correlated with aggressive phenotypes of
PDACs from the TCGA cohort, including differentiation stage, pT status and TNM stage.
Previous studies have shown elevated Ezrin protein expression correlated with tumor
size, clinical stage and positive lyvmph node metastasis in PDAC [50]. Qur Kaplan-Meier
survival analysis demonstrated that high Ezrin expression correlated with a shorter O5
rate than a low expression (118 vs. 450 days). Moreover, we revealed that elevated Ezrin
expression in our cohort was an independent prognostic factor predicting poorer survival
in PDAC patients. The effects of EZR expression on the survival of patients from our cohort
and TCGA cohort are consistent. Similar findings have also been presented in the studies
by other investigators; thus, we confirmed the role of EZR in the prognosis prediction of
PDAC [50,51].

Furthermore, given the relationship between SATB1 and p-catenin [40], SATB1 and
SMAD3 [54], p-catenin and SMAD3 [55], SMAD3 and Ezrin [56], we next evaluated whether
there was any possible added value of combining SATB1, SMAD3, Ezrin and f-catenin
to the prognostic value of each of the proteins alone. Kaplan-Meier survival analysis
demonstrated that the subset of patients whose tumors co-expressed high levels of SATB 15,
SMAD3, Ezrin and B-catenin had extremely poor OS5, and the combined expression of
these markers better predicted patient survival than looking at each marker individually.
Moreover, this combined 4-protein panel proved to be a powerful independent prognostic
factor associated with worse outcome. In turn, a particularly improved OS5 was experienced
by patients with tumors expressing SATBL -highohd AD3IOWEzrin!W A-catenin'®¥, and this
expression panel appeared as an independent positive prognostic factor in the multivariate
Cox analysis.

Likewise, in the TCG A dataset, a combined 4-gene panel of SATBT/SMAD3/EZR/CTNNB]
better predicted patient survival than looking at each marker individually, and it emerged
as a powerful independent prognostic factor associated with poorer patient outcomes. Thus,
our analyses showed that examining the combined expression of SATB1, SMAD3, Ezrin
and B-catenin may be more helpful in predicting the prognosis of PAC patients than single
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markers. This could be because the predicted biology related to their co-expression included
significant interconnectivity with certain master regulators associated with cancer pheno-
type, as shown by our functional enrichment analysis. Likewise, the biological processes
and signaling pathways that emerged from the PPI network are known or are suspected
to have a tight cause-and-effect relationship with carcinogenesis. However, the answer to
whether these are implicated in the mechanisms linking SATB1/5MAD3/ Ezrin / f-catenin
co-expression to PDAC will require further study.

As a major limitation, we want to emphasize that the small cohort size may hamper
the statistical power of our study. Specifically, when we focused the subsequent analyses
on the combined expression of the studied proteins, the sample size in certain subgroups
became relatively small, but the number of cases was still within the range accepted in other
studies [57,55]. Nevertheless, our findings should be validated with a larger sample size. It
is appreciated that a more robust multivariate analysis should include at least 10 events
per variable.

5. Conclusions

In conclusion, protein and /or mENA expression levels of SATB1, SMAD3, Ezrin and -
catenin are significantly altered in PAC and may correlate with some tumor features as well
as provide prognostic information as single indicators, and even better when combined.

Supplementary Materials: The fulluwing are available online at hittps:/ Swwwomdpicom farbicle /10
339 appl 20010306/ 51, Figure 51. Kaplan-Meler curve for overall survival in patients with pancreatic
ductal adenocarcinomas by nuclear/ cytoplasmic SATBL protein expression. p value was calculated
using the log-rank test. Figure 52. Kaplan-Meier curve for overall survival in patients with pancreatic
ductal adenocarcinomas by cytoplasmic f-catenin protein expression. p value was calculated using
the log-rank test. Table 51. Univariate analysis of pmg;nusl'i: factors by Cox pm'porti.unal hazard
muodel in own cohort for cytoplasmic B-catenin protein expression. Table S2. Multivariate analysis of
prognostic factors by Cox proportional hazard model in own cohort for cytoplasmic f-catenin protein
expression. Table S3. Parameters of network determined using the network analyzer Cytoscape
plugin. Table 54. Immunochistochemical expression of cytoplasmic f-catenin proteins and their
relationship with clinicopathological features of PDAC patients. Table 55, Univariate analysis of
prognostic factors by Cox proportional hazard model in own cohort for cytoplasmic f-catenin protein
expression. Table 56. Multivariate analysis of prognostic factors by Cox proportional hazard model
in own cohort for cytoplasmic f-catenin protein expression.
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7. Podsumowanie

W ciggu ostatnich lat nastgpit znaczny postep w badaniach nad zidentyfikowaniem
nowych markeréw nowotworowych, a wyniki tych prac poszerzaja wiedze na temat
mechanistycznych aspektow chordb nowotworowych, majgc coraz wiekszy wplyw
na postepowanie terapeutyczne. W szczegdlnosci poszukiwanie biologicznych czynnikow
prognostycznych i predykcyjnych wykorzystywanych w celu okreslenie stopnia
zaawansowania nowotworu i jego potencjalnej ztosliwosci, a takze oceny ryzyka nawrotu
choroby i odpowiedzi na planowane leczenie ma niebagatelny wptyw na wybdr
indywidualnych terapii dla chorych. Szczegdlnie istotne jest podejmowanie tych dziatan
w odniesieniu do nowotwordw o wysokiej zapadalnosci i Smiertelnosci, ktorych znaczna
heterogennos¢ i skomplikowana patobiologia utrudniajg znalezienie swoistych i czutych
biomarkeréw czy celéw dla terapii. Do takich nowotwordw nalezg niewatpliwie NSCLC
oraz PAC.

Na przestrzeni ubiegtych lat przeprowadzono wiele badan majacych na celu ocene
poziomu ekspresji i roli SATB1 w wielu nowotworach. Szereg doniesient naukowych wskazuje,
ze SATB1 jest niekorzystnym czynnikiem rokowniczym w wielu nowotworach, w tym raku
piersi, jelita grubego, zotadka, jajnika, endometrium i szyjki macicy. Z drugiej strony wiele
badan przedstawia odwrotne wyniki nawet w odniesieniu do tych samych typow
nowotwordw [11, 15-28]. W niektérych podtypach raka ptuca podwyzszony poziom SATB1
okazat sie pozytywnym czynnikiem prognostycznym, a utrata ekspresji SATB1 byta zwigzana
z kréotszym catkowitym przezyciem pacjentéw. Podobny wptyw ekspresji SATB1 na przezycie
pacjentéw zaobserwowano analizujgc probki raka trzustki. Wobec niewystarczajacej liczby
oraz braku spdjnosci literatury przedmiotu na temat klinicznej wartosci biatka SATB1
w NSCLC oraz PAC, w niniejszej rozprawie doktorskiej oceniono zaleznosci pomiedzy
tkankowag ekspresjag SATB1 a wybranymi danymi klinicznymi, histologicznymi
oraz biologicznymi w analizowanych grupach badawczych. Interesujgcym i innowacyjnym
aspektem niniejszych badan byta ocena subkomoérkowej lokalizacji SATB1, ktora
przynajmniej czesciowo moze wyjasnia¢ kontrowersje wokot jego wartosci prognostycznej,
gdyz wiekszos¢ dotychczasowych prac pomijata analize odczynu cytoplazmatycznego SATBI,
co w S$wietle uzyskanych przez nas wynikow wydaje sie uzasadnione. Uzyskane wyniki
pozwalajg przypuszczaé, ze SATB1 moze petni¢ funkcje supresorowg w niektorych

nowotworach. Jak powszechnie wiadomo SATB1 petni funkcje jadrowego biatka wigzacego
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DNA, przy czym w niniejszej pracy to witasnie niezdolno$¢ SATB1 do petnienia swoich rol
jadrowych z powodu utraty ekspresji jgdrowej i/lub retencji cytoplazmatycznej korelowata
ze ztym rokowaniem pacjentow. Zwazywszy, ze SATB1 petni role globalnego
epigenetycznego i transkrypcyjnego regulatora ekspresji gendw, zjawisko to nie jest
nieoczekiwane. Utrata jego funkcji moze wiec prowadzi¢ do rozlegtych konsekwencji
genomowych, ktdre moga przyczyni¢ sie do powstania nowotworu. Ponadto, korelacje
pomiedzy SATB1 a funkcjonalnie powigzanymi biatkami: TLR2, SMAD3, ezryng oraz
B-katening potwierdzajg znaczenie SATB1 w procesie karcynogenezy. Przedstawione dane
wskazujg, ze SATB1 moze by¢ uzytecznym biomarkerem prognostycznym w NSCLC oraz PAC
przy indywidualnej ocenie jego lokalizacji komérkowe;j.

Gtéwnym ograniczeniem niniejszej rozprawy doktorskiej jest niewielka liczebnos¢ grupy
badanej. Niemniej jednak, byta ona wystarczajgca do wykazania silnych, statystycznie
istotnych oddziatywan, z ktorych zdecydowana wiekszos¢ jest zgodna z wynikami uzyskanymi
na podstawie danych TCGA oraz danymi opisanymi w literaturze. Warto zaznaczyg,
ze prezentowane rozwazania uwzgledniajg wyniki uzyskane dla odmiennych populacji
pacjentow. Przedstawione  obserwacje  wymagajg  weryfikacji w  badaniach,

wieloosrodkowych, przeprowadzanych na wiekszg skale.
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Whioski

Ocena znakowania immunohistochemicznego SATB1 1z uwzglednieniem jego
subkomoérkowej lokalizacji pozwala na stratyfikacje pacjentdw do grup ryzyka
roznigcych sie mediang czasu przezycia catkowitego w grupie pacjentéw z PAC oraz
NSCLC w I i Il stadium choroby.

Ocena ekspresji mRNA SATB1 pozwala na stratyfikacje pacjentéw do grup ryzyka
roznigcych sie istotnie mediang czasu przezycia catkowitego w grupie pacjentow
z PAC oraz NSCLC w | i Il stadium choroby.

Ujawniono korelacje pomiedzy poziomem SATB1 ocenianym w frakcji jagdrowe;j,
a TLR2 oraz SATB1 ocenianym w lokalizacji cytoplazmatycznej, a takze SATB1
ocenianym w lokalizacji cytoplazmatycznej, a TLR2 w materiale tkankowym
pacjentow z NSCLC w | i Il stadium choroby. W grupie pacjentéw z PAC wykazano
zaleznosSci pomiedzy poziomem B-kateniny, a SATB1 ocenianym w frakcji jagdrowej
oraz SATB1 ocenianym w lokalizacji cytoplazmatyczne;.

Stratyfikacja chorych w odniesieniu do tgcznej ekspresji SATB1 (zlokalizowanego
na terenie jagdra komdrkowego), SMAD3 oraz TLR2 pozwala zidentyfikowa¢ podgrupy
pacjentow z NSCLC w | i Il stadium z istotng rdznica w czasie przezycia.
Skonstruowany panel pozwala lepiej przewidywaé przezycie w pordwnaniu
do rozpatrywania kazdego z tych markeréw osobno.

Poziomy potgczonej ekspresji SATB1, SMAD3, ezryny i B-kateniny mogg stuzy¢ jako
biomarkery prognostyczne w grupie pacjentéw z PAC analizujgc dane dotyczgce
biatka oraz mRNA.

Przewidywana strategia biologiczna zwigzana z koekspresjg SATB1, SMAD3, EZR oraz
CTNNB1 obejmuje znaczgce wzajemne powigzania z klasycznymi regulatorami

zwigzanymi z procesem nowotworzenia.

61



9. PiSmiennictwo

1. Uhler, C.; Shivashankar, G. V. Nuclear Mechanopathology and Cancer Diagnosis.
Trends in Cancer. 2018, 4, 320-331, doi:10.1016/j.trecan.2018.02.009.

2. Elliott Lever, D.S. The role of nuclear organization in cancer. J. Pathol. 2010, 220, 114—
125, doi.org/10.1002/path.2651.

3. Linnemann, A.K.; Krawetz, S.A. Maintenance of a functional higher order chromatin
structure: The role of the nuclear matrix in normal and disease states. Gene Ther. Mol. Biol.
2009, 13, 231-243.

4, Leman, E.S.; Getzenberg, R.H. Nuclear matrix proteins as biomarkers in prostate
cancer. J. Cell. Biochem. 2002, 86, 213-223, do0i:10.1002/jcb.10218.

5. Mati, Q.; Qamar, S.; Ashraf, S.; Khokhar, M.A.; Arshad, U. Tissue Nuclear Matrix
Protein Expression 22 in Various Grades and Stages of Bladder Cancer. J. Coll. Physicians
Surg. Pak. 2020, 30, 1321-1325, d0i:10.29271/JCPSP.2020.12.1321.

6. Durslewicz, J.; Klimaszewska-Wisniewska, A.; Jézwicki, J.; Antosik, P.; Kozerawski, K.;
Grzanka, D.; Braun, M. Prognostic significance of MATR3 in stage | and Il non-small cell lung
cancer patients. J. Cancer Res. Clin. Oncol. 2022, 148, 3313—-3322, d0i:10.1007/500432-022-
04097-9/FIGURES/A4.

7. Barboro, P.; Repaci, E.; D’Arrigo, C.; Balbi, C. The role of nuclear matrix proteins
binding to matrix attachment regions (MARs) in prostate cancer cell differentiation. PLoS
One. 2012, 7, e40617, doi:10.1371/journal.pone.0040617.

8. Dickinson, L.A.; Joh, T.; Kohwi, Y.; Kohwi-Shigematsu, T. A tissue-specific MAR SAR
DNA-binding protein with unusual binding site recognition. Cell 1992, doi:10.1016/0092-
8674(92)90432-C.

9. Zelenka, T.; Spilianakis, C. SATB1-mediated chromatin landscape in T cells. Nucleus.
2020, 11, 117-131, d0i:10.1080/19491034.2020.1775037.

10. Yokota, T.; Kanakura, Y. Role of tissue-specific AT-rich DNA sequence-binding proteins
in lymphocyte differentiation. Int. J. Hematol. 2014, 100, 238-245, d0i:10.1007/s12185-014-
1602-2.

11. Han, H.J.; Russo, J.; Kohwi, Y.; Kohwi-Shigematsu, T. SATB1 reprogrammes gene
expression to promote breast tumour growth and metastasis. Nature. 2008, 452, 187-193,
doi:10.1038/nature06781.

12. Pavan Kumar, P.; Purbey, P.K.; Sinha, C.K.; Notani, D.; Limaye, A.; Jayani, R.S.;
Galande, S. Phosphorylation of SATB1, a Global Gene Regulator, Acts as a Molecular Switch
Regulating Its Transcriptional Activity In Vivo. Mol. Cell 2006, 21, 231-43,
doi:10.1016/j.molcel.2006.03.010.

13. Lena, A.M.; Mancini, M.; Rivetti di Val Cervo, P.; Saintigny, G.; Mahé, C.; Melino, G.;
Candi, E. MicroRNA-191 triggers keratinocytes senescence by SATB1 and CDK6
downregulation.  Biochem. Biophys. Res. Commun. 2012, 423, 509-514,
do0i:10.1016/j.bbrc.2012.05.153.

62



14. Wang, G.; Li, B.; Fu, Y.; He, M.; Wang, J.; Shen, P.; Bai, L. miR-23a suppresses
proliferation of osteosarcoma cells by targeting SATB1. Tumor Biol. 2015, 36, 4715-4721,
doi:10.1007/s13277-015-3120-0.

15. Nodin, B.; Hedner, C.; Uhlén, M.; Jirstrém, K. Expression of the global regulator SATB1
is an independent factor of poor prognosis in high grade epithelial ovarian cancer. J. Ovarian
Res. 2012, 5, 24, doi:10.1186/1757-2215-5-24.

16. Shukla, S.; Sharma, H.; Abbas, A.; MaclLennan, G.T.; Fu, P.; Danielpour, D.; Gupta, S.
Upregulation of SATB1 Is Associated with Prostate Cancer Aggressiveness and Disease
Progression. PLoS One 2013, 8, e53527, doi:10.1371/journal.pone.0053527.

17. Huang, B.; Zhou, H.; Wang, S.; Lang, X.P.; Wang, X. Effect of silencing SATB1 on
proliferation, invasion and apoptosis of A549 human lung adenocarcinoma cells. Oncol. Lett.
2016, 12, 3818-3824, d0i:10.3892/01.2016.5179.

18. Huang, B.; Zhou, H.; Wang, X.; Liu, Z. Silencing SATB1 with siRNA inhibits the
proliferation and invasion of small cell lung cancer cells. Cancer Cell Int. 2013, 13, 8§,
doi:10.1186/1475-2867-13-8.

19. Deng, Y.F.; Zhou, D.N.; Pan, Z.Y.; Yin, P. Aberrant SATB1 expression is associated with
Epstein-Barr virus infection, metastasis and survival in human nasopharyngeal cells and
endemic nasopharyngeal carcinoma. Int. J. Clin. Exp. Pathol. 2014, 15, 2454-61.

20. Ma, J.; Wu, K.; Zhao, Z.; Miao, R.; Xu, Z. Special AT-rich sequence binding protein 1
promotes tumor growth and metastasis of esophageal squamous cell carcinoma. Tumor Biol.
2017, 39, 1-6, do0i:10.1177/1010428317694537.

21. Yuan, C.-L.; Li, L.; Zhou, X.; Liz, H.; Han, L. Expression of SATB1 and HER2 in gastric
cancer and its clinical significance. Eur. Rev. Med. Pharmacol. Sci. 2016, 20, 2256-2264.

22. Chen, Z.; Li, Z.; Li, W.; Zong, Y.; Zhu, Y.; Miao, Y.; Xu, Z. SATB1 Promotes Pancreatic
Cancer Growth and Invasion Depending on MYC Activation. Dig. Dis. Sci. 2015, 60, 3304—
3317, doi:10.1007/510620-015-3759-9.

23. Guo, L.; Zheng, J.; Yu, T,; Liu, Y.; Duo, L. Elevated expression of SATB1 is involved in
pancreatic tumorigenesis and is associated with poor patient survival. Mol. Med. Rep. 2017,
16, 8842-8848, d0i:10.3892/mmr.2017.7683.

24. R, M.; SJ, P,; P, P,; R, M.; S, G. Wnt/B-catenin signaling regulated SATB1 promotes
colorectal cancer tumorigenesis and progression. Oncogene 2016, 35, 1679-1691,
doi:10.1038/0ONC.2015.232.

25. Wu, D.; Zeng, L.; Liu, F.; Zhong, Q.; Zhang, D.; Cai, C.; Zhang, W.; Wu, L.; Chen, H.
Special AT-rich DNA-binding protein-1 expression is associated with liver cancer metastasis.
Oncol. Lett. 2016, 12, 4377-4384, doi:10.3892/01.2016.5281.

26. Han, B.; Luan, L.; Xu, Z.; Wu, B. Expression and biological roles of SATB1 in human
bladder cancer. Tumor Biol. 2013, 34, 2943-2949, doi:10.1007/s13277-013-0857-1.

63



27. lorns, E.; Hnatyszyn, H.J.; Seo, P.; Clarke, J.; Ward, T.; Lippman, M. The role of SATB1
in breast cancer pathogenesis. J. Natl. Cancer Inst. 2010, 102, 1284-1296,
do0i:10.1093/jnci/djg243.

28. Selinger, C.l.; Cooper, W.A.; Al-Sohaily, S.; Mladenova, D.N.; Pangon, L.; Kennedy,
C.W.; McCaughan, B.C.; Stirzaker, C.; Kohonen-Corish, M.R.J. Loss of special at-rich binding
protein 1 expression is a marker of poor survival in lung cancer. J. Thorac. Oncol. 2011, 6,
1179-1189, doi:10.1097/JT0.0b013e31821b4ceO.

29. Sutherland, K.D.; Berns, A. Cell of origin of lung cancer. Mol. Oncol. 2010, 4, 397-403,
doi:10.1016/j.molonc.2010.05.002.

30. World Health Organization, WHO, C.R. 2020 https://www.who.int/news-room/fact-
sheets/detail/cancer 2020.[data dostepu: 20.03.2023]

31. Ferlay, J.; Colombet, M.; Soerjomataram, .; Parkin, D.M.; Pifieros, M.; Znaor, A.; Bray,
F. Cancer statistics for the year 2020: An overview. Int. J. Cancer 2021, 149, 778-789,
doi:10.1002/ijc.33588.

32. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, |.; Jemal, A.; Bray, F.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA. Cancer J. Clin. 2021, 71, 209-249, doi:10.3322/caac.21660.

33. Yang, P. Epidemiology of lung cancer prognosis: Quantity and quality of life. Methods
Mol. Biol. 2009, 471, 469-486, d0i:10.1007/978-1-59745-416-2_24.

34, Shankar, A.; Dubey, A.; Saini, D.; Singh, M.; Prasad, C.P.; Roy, S.; Bharati, S.J.; Rinki,
M.; Singh, N.; Seth, T.; et al. Environmental and occupational determinants of lung cancer.
Transl. Lung Cancer Res. 2019, do0i:10.21037/tlcr.2019.03.05.

35. Molina, J.R.; Yang, P.; Cassivi, S.D.; Schild, S.E.; Adjei, A.A. Non-small cell lung cancer:
Epidemiology, risk factors, treatment, and survivorship. Mayo Clin. Proc. 2008, 83, 584-594,
doi:10.4065/83.5.584.

36. Lemjabbar-Alaoui, H.; Hassan, O.U.l.; Yang, Y.W.; Buchanan, P. Lung cancer: Biology
and treatment options. Biochim. Biophys. Acta - Rev. Cancer 2015, 1856, 89-210,
do0i:10.1016/j.bbcan.2015.08.002.

37. Wang, S.; Dong, L.; Wang, X.; Wang, X. Classification of pathological types of lung
cancer from CT images by deep residual neural networks with transfer learning strategy.
Open Med. 2020, 15, 190-197, doi:10.1515/med-2020-0028.

38. Krist, A.H.; Davidson, K.W.; Mangione, C.M.; Barry, M.J.; Cabana, M.; Caughey, A.B.;
Davis, E.M.; Donahue, K.E.; Doubeni, C.A.; Kubik, M.; et al. Screening for Lung Cancer: US
Preventive Services Task Force Recommendation Statement. JAMA - J. Am. Med. Assoc.
2021, 325, 962-970, doi:10.1001/jama.2021.1117.

39. Jackman, D.M.; Zhang, Y.; Dalby, C.; Nguyen, T.; Nagle, J.; Lydon, C.A.; Rabin, M.S.;
McNiff, K.K.; Fraile, B.; Jacobson, J.O0. Cost and Survival Analysis Before and After
Implementation of Dana-Farber Clinical Pathways for Patients With Stage IV Non—-Small-Cell
Lung Cancer. J. Oncol. Pract. 2017, 13, e346—e352, d0i:10.1200/jop.2017.021741.

64



40. Rawla, P.; Sunkara, T.; Gaduputi, V. Epidemiology of Pancreatic Cancer: Global
Trends, Etiology and Risk Factors. World J. Oncol. 2019, doi:10.14740/wjon1166.

41. Zeng, S.; Pottler, M.; Lan, B.; Gritzmann, R.; Pilarsky, C.; Yang, H. Chemoresistance in
pancreatic cancer. Int. J. Mol. Sci. 2019, 20, 1-19, doi:10.3390/ijms20184504.

42. Wang, H.; Liu, J.; Xia, G.; Lei, S.; Huang, X.; Huang, X. Survival of pancreatic cancer
patients is negatively correlated with age at diagnosis: a population-based retrospective
study. Sci. Rep. 2020, 10, 1-9, doi:10.1038/s41598-020-64068-3.

43. Li, Q.; Feng, Z.; Miao, R.; Liu, X.; Liu, C.; Liu, Z. Prognosis and survival analysis of
patients with pancreatic cancer: retrospective experience of a single institution. World J.
Surg. Oncol. 2022, 20, 1-16, d0i:10.1186/s12957-021-02478-x.

44, Bell, J.; Nagtegaal, |.; Washington, M.; Verlag, S.; Somekh, B.; Lewin, C.; Moran, J.L.;
Solomon, P.J.; Ministry of Justice, N.Z.; Degu, G.; et al. Digestive System Tumours. 2019.

65



10. Oswiadczenia autorow publikacji wigczonych do cyklu

lek. Adam Kowalewski Bydgoszcz, 28.12.2022
Katedra Patomorfologii Klinicznej

Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy

Uniwersytet Mikotaja Kopernika w Toruniu

Jako wspotautor pracy:

1) Prognostic significance of TLR2, SMAD3 and localization-dependent SATB1 in stage
I and Il non-small-cell lung cancer patients; Durslewicz Justyna, Klimaszewska-
Wisniewska Anna, Jéiwicki Jakub, Antosik Paulina, Smolinska-Switata Marta, Gagat

Maciej, Kowalewski Adam, Grzanka Dariusz; Cancer Control 2021 : Vol. 28, s. 1-14.
oswiadczam ze mdj wlasny wkiad merytoryczny w powstawanie niniejszej publikacji to:

+ udziat w zbieraniu danych pacjentow

* akceptacja manuskryptu i wniesienie uwag

Jednoczesnie wyrazam zgode na przediozenie wskazanej pracy przez mgr Justyne Durslewicz
jako czesc rozprawy doktorskiej w formie spdjnege tematycznie zbioru artykutow
opublikowanych w recenzowanych czasopismach naukowych.

2’

vl s
P i

dfer ¢

66



lek. Arkadiusz Gzll Bydgostez, 28.12.2021

Katedra Patomorfologll Kliniczne|
Collegium Medicum Im. Ludwika Rydygiera w Bydgoszczy
Uniwersytet Mikolaja Kopernika w Toruniu

Jako wspdlautor pracy:

1) Prognostic significance of SATBL, SMAD3, Exrin and P-catenin in patients with
pancreatic adenocarcinoma; Durdlewicz Justyna, Klimaszewska-Wisniewska Anna,
Domanowska Ewa, Skoczylas-Makowska Natalia, Antosik Paulina, Zielinska Wioletta,
Gzil Arkadiusz, Czajkowska Paulina, Mikolajczyk Klaudia, Grzanka Darjusz; Appl. Sci-

Basel 2022 : Vol 12, nr 1, 5. 1-26, 306.
oiwiadczam ie mo) wiasny wklad merytoryczny w powstawanie ninigjsze] publikacii to

& przygotowanie danych do analizy in silico

o akceptacja manuskryptu | wniesienie uwag
Jednoczednie wyrazam zgode na przediozenie wskazane] pracy przez mgr Justyng Durslewicz

Jake czedé rorprawy doktorskie] w formie spdjnego tematycenie zbioru artykulow

opublikowanych w recenzowanych czasopismach naukowych.

/4 bedup (;Lf,

67



dr Anna Klimaszewska-Wiéniewska Bydgoszcz, 28.12.2022
adiunkt

Katedra Patomorfologii Klinicznej

Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy

Uniwersytet Mikotaja Kopernika w Toruniu

Jako wspétautor prac:

1) Prognostic significance of TLR2, SMAD3 and localization-dependent SATB1 in stage |
and |l non-small-cell lung cancer patients; Durslewicz Justyna, Klimaszewska-
Wiéniewska Anna, Jéiwicki Jakub, Antosik Paulina, Smolifiska-Switata Marta, Gagat
Maciej, Kowalewski Adam, Grzanka Dariusz; Cancer Control 2021 : Vol. 28, 5. 1-14.

2) Prognostic significance of SATB1, SMAD3, Ezrin and B-catenin in patients with
pancreatic adenocarcinoma; Durélewicz Justyna, Klimaszewska-Wisniewska Anna,
Domanowska Ewa, Skoczylas-Makowska Natalia, Antosik Paulina, Zielinska Wicletta,
Gzil Arkadiusz, Czajkowska Paulina, Mikotajczyk Klaudia, Grzanka Dariusz; Appl. 5ci.-

Basel 2022 : Vol. 12, nr 1, 5. 1-26, 306.

oféwiadczam ze méj wiasny wktad merytoryczny w powstawanie niniejszej publikacji to:

» udziat w interpretacji wynikow
s udziat w przygotowaniu manuskryptu

+ akceptacja manuskryptow i wniesienie uwag

Jednoczeénie wyrazam zgode na przediozenie wskazanej pracy przez mgr Justyng Durslewicz
jako czeéé rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutdw

opublikowanych w recenzowanych czasopismach naukowych.

'\Jv g \/{/uw& : Lg—\_/

68



dr Ewa Domanowska Bydgoszcz, 28.12.2022
asystent

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

lako wspotautor pracy:
1) Prognostic significance of SATB1, SMAD3, Ezrin and B-catenin in patients with
pancreatic adenocarcinoma; Durilewicz Justyna, Klimaszewska-Wisniewska Anna,
Domanowska Ewa, Skoczylas-Makowska Natalia, Antosik Paulina, Zieliriska Wioletta,

Gzil Arkadiusz, Czajkowska Paulina, Mikotajczyk Klaudia, Grzanka Dariusz; Appl. Sci.-
Basel 2022 : Vol. 12, nr 1, 5. 1-26, 306.

oswiadczam ze mdj wiasny wktad merytoryczny w powstawanie niniejszej publikacji to:

* ocena barwienia immunohistochemicznego

» akceptacja manuskryptu i wniesienie uwag
Jednoczesnie wyrazam zgode na przedlozenie wskazanej pracy przez mgr Justyne Durslewicz

jako czes¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutow

opublikowanych w recenzowanych czasopismach naukowych.

E% (bwwnw u.ﬁw.
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dr hab. Maciej Gagat Bydgoszcz, 28.12.2022
profesor uniwersytetu

Katedra Histologii i Embriologii
Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytet Mikotaja Kopernika w Toruniu

Jako wspétautor pracy:

1) Prognostic significance of TLR2, SMAD3 and localization-dependent SATB1 in stage |
and Il non-small-cell lung cancer patients; Durslewicz Justyna, Klimaszewska-
Wisniewska Anné, Jézwicki Jakub, Antosik Paulina, Smoliriska-Switata Marta, Gagat

Maciej, Kowalewski Adam, Grzanka Dariusz; Cancer Control 2021 : Vol. 28, s. 1-14.
oswiadczam ze méj wiasny wktad merytoryczny w powstawanie niniejszej publikacji to:

¢ przygotowanie danych do analizy in silico

* akceptacja manuskryptu i wniesienie uwag
Jednocze$nie wyrazam zgode na przedtozenie wskazanej pracy przez mgr Justyne Durslewicz

jako cze$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykutéw

opublikowanych w recenzowanych czasopismach naukowych.
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dr Jakub Joiwicki Bydgoszcz, 28.12.2022
asystent

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

Jako wspatautor pracy:

1) Prognostic significance of TLR2, SMAD3 and localization-dependent SATB1 in stage |
and Il non-small-cell lung cancer patients; Durslewicz Justyna, Klimaszewska-
Wisniewska Anna, Jéiwicki Jakub, Antosik Paulina, Smolifiska-Switala Marta, Gagat

Maciej, Kowalewski Adam, Grzanka Dariusz; Cancer Control 2021 : Vol. 28, 5. 1-14.

oswiadczam ze moj whasny wkiad merytoryczny w powstawanie niniejszej publikacji to:

= ocena barwienia immunochistochemicznego, analiza i interpretacja danych
dotyczgcych barwienia

+ akceptacja manuskryptu i wniesienie uwag

Jednoczeénie wyrazam zgode na przediozenie wskazanej pracy przez mgr Justyng Durslewicz
jako czeé¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutéw

opublikowanych w recenzowanych czasopismach naukowych.
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dr Marta Smolifiska-Switata Bydgoszcz, 28.12.2022
Katedra Patomorfologii Klinicznej

Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy

Uniwersytet Mikotaja Kopernika w Toruniu

Jako wspdtautor pracy:

1) Prognostic significance of TLR2, SMAD3 and localization-dependent SATB1 in stage |
and |l non-small-cell lung cancer patients; Durélewicz Justyna, Klimaszewska-
Wisniewska Anna, Jéiwicki Jakub, Antosik Paulina, Smolinska-Switata Marta, Gagat

Maciej, Kowalewski Adam, Grzanka Dariusz; Cancer Control 2021 : Vol. 28, s. 1-14.
oswiadczam ze moj whasny wkiad merytoryczny w powstawanie niniejszej publikacji to:

e przygotowane materiatu badawczego do barwienia

* akceptacja manuskryptu i wniesienie uwag

lednoczesnie wyrazam zgode na przediozenie wskazanej pracy przez mgr Justyne Durslewicz
jako czeé¢ rozprawy doktorskiej w formie spoéjnego tematycznie zbioru artykutow

opublikowanych w recenzowanych czasopismach naukowych.
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dr Natalia Skoczylas-Makowska Bydgoszcz, 28.12.2022
asystent

Katedra Patomorfologii Klinicznej

Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy

Uniwersytet Mikotaja Kopernika w Toruniu

Jako wspotautor pracy:

1) Prognostic significance of SATB1, SMAD3, Ezrin and B-catenin in patients with
pancreatic adenocarcinoma; Durslewicz Justyna, Klimaszewska-Wisniewska Anna,
Domanowska Ewa, Skoczylas-Makowska Natalia, Antosik Paulina, Zielinska Wioletta,
Gzil Arkadiusz, Czajkowska Paulina, Mikotajczyk Klaudia, Grzanka Dariusz; Appl. Sci.-
Basel 2022 : Vol. 12, nr 1, s. 1-26, 306.

oswiadczam ze maoj wiasny wktad merytoryczny w powstawanie niniejszej publikacji to:

¢ ocena barwienia immunohistochemicznego

s akceptacja manuskryptu i wniesienie uwag

Jednoczesnie wyrazam zgode na przediozenie wskazanej pracy przez mgr Justyng Durslewicz
jako czesé rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutow

opublikowanych w recenzowanych czasopismach naukowych.
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dr Paulina Antosik Bydgoszcz, 28.12.2022
adiunkt

Katedra Patomorfologii Klinicznej

Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy

Uniwersytet Mikotaja Kopernika w Toruniu

Jako wspotautor prac:

1) Prognostic significance of TLR2, SMAD3 and localization-dependent SATB1 in stage |
and Il non-small-cell lung cancer patients; Durilewicz Justyna, Klimaszewska-
Wisniewska Anna, Joiwicki lakub, Antosik Paulina, Smolifnska-Switata Marta, Gagat
Maciej, Kowalewski Adam, Grzanka Dariusz; Cancer Control 2021 : Vol. 28, s. 1-14.

2) Prognostic significance of SATB1, SMAD3, Ezrin and B-catenin in patients with
pancreatic adenocarcinoma; Durslewicz Justyna, Klimaszewska-Wisniewska Anna,
Domanowska Ewa, Skoczylas-Makowska Natalia, Antosik Paulina, Zielinska Wioletta,
Gzil Arkadiusz, Czajkowska Paulina, Mikotajczyk Klaudia, Grzanka Dariusz; Appl. Sci.-

Basel 2022 : Vol. 12, nr 1, 5. 1-26, 306.

oswiadczam ze maj whasny wktad merytoryczny w powstawanie niniejszej publikacji to:

+ udziat w optymalizacji metodologii

e akceptacja manuskryptow i wniesienie uwag
Jednoczesnie wyrazam zgode na przedioienie wskazanej pracy przez mgr Justyne Durslewicz

jako czeéé rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow

opublikowanych w recenzowanych czasopismach naukowych.
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mgr Klaudia Mikotajeczyk Bydgoszcz, 28.12.2022
specjalista inzynieryjno-techniczny

Katedra Histologii i Embriologii

Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy

Uniwersytet Mikotaja Kopernika w Toruniu

Jako wspétautor pracy:

1) Prognostic significance of SATB1, SMAD3, Ezrin and B-catenin in patients with
pancreatic adenocarcinoma; Dur$lewicz Justyna, Klimaszewska-Wiéniewska Anna,
Domanowska Ewa, Skoczylas-Makowska Natalia, Antosik Paulina, Zieliriska Wioletta,
Gzil Arkadiusz, Czajkowska Paulina, Mikotajczyk Klaudia, Grzanka Dariusz; Appl. Sci.-

Basel 2022 : Vol. 12, nr 1, s. 1-26, 306.
oswiadczam ze méj wtasny wktad merytoryczny w powstawanie niniejszej publikacji to:

® udziat w analizie statystycznej wynikdw

» akceptacja manuskryptu i wniesienie uwag

Jednoczesnie wyrazam zgode na przedtozenie wskazanej pracy przez mgr Justyne Durélewicz
jako czgs¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutéw

opublikowanych w recenzowanych czasopismach naukowych.

e Lo

75



mgr Paulina Czajkowska Bydgoszcz, 28.12.2022
specjalista inzynieryjno-techniczny

Katedra Histologii i Embriologii

Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy

Uniwersytet Mikotaja Kopernika w Toruniu

Jako wspétautor pracy:

1) Prognostic significance of SATB1, SMAD3, Ezrin and PB-catenin in patients with
pancreatic adenocarcinoma; Durslewicz Justyna, Klimaszewska-Wisniewska Anna,
Domanowska Ewa, Skoczylas-Makowska Natalia, Antosik Paulina, Zielinska Wioletta,
Gzil Arkadiusz, Czajkowska Paulina, Mikotajczyk Klaudia, Grzanka Dariusz; Appl. Sci.-

Basel 2022 : Vol. 12, nr 1, s. 1-26, 306.
oswiadczam ze moj wtasny wktad merytoryczny w powstawanie niniejszej publikacji to:

e udziat w analizie statystycznej wynikow

e akceptacja manuskryptu i wniesienie uwag

Jednoczesnie wyrazam zgode na przedtozenie wskazanej pracy przez mgr Justyne DurSlewicz
jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutow

opublikowanych w recenzowanych czasopismach naukowych.
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mgr Wioletta Zieliriska Bydgoszcz, 28.12.2022
asystent

Katedra Histologii i Embriologii
Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytet Mikotaja Kopernika w Toruniu

Jako wspotautor pracy:

1) Prognostic significance of SATB1, SMAD3, Ezrin and B-catenin in patients with
pancreatic adenocarcinoma; Durslewicz Justyna, Klimaszewska-Wisniewska Anna,
Domanowska Ewa, Skoczylas-Makowska Natalia, Antosik Paulina, Zieliriska Wioletta,
Gzil Arkadiusz, Czajkowska Paulina, Mikotajczyk Klaudia, Grzanka Dariusz; Appl. Sci.-
Basel 2022 : Vol. 12, nr 1, s. 1-26, 306.

os$wiadczam ze méj wtasny wktad merytoryczny w powstawanie niniejszej publikaciji to:

e udziat w opisie wynikow

e akceptacja manuskryptu i wniesienie uwag

Jednocze$énie wyrazam zgode na przedtozenie wskazanej pracy przez mgr Justyne Durslewicz
jako cze$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutow

opublikowanych w recenzowanych czasopismach naukowych.
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prof. dr hab. n. med. i n. o zdr. Dariusz Grzanka Bydgoszcz, 28.12.2022
Kierownik Katedry Patomorfologii Klinicznej

Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy

Uniwersytet Mikotaja Kopernika w Toruniu

Jako wspotautor prac:

1) Prognostic significance of TLR2, SMAD3 and localization-dependent SATB1 in stage |
and Il non-small-cell lung cancer patients; Durilewicz Justyna, Klimaszewska-
Wisniewska Anna, JoZwicki Jakub, Antosik Paulina, Smolinska-Switata Marta, Gagat
Maciej, Kowalewski Adam, Grzanka Dariusz; Cancer Control 2021 : Vol. 28, s. 1-14.

2) Prognostic significance of SATB1, SMAD3, Ezrin and B-catenin in patients with
pancreatic adenocarcinoma; Durslewicz Justyna, Klimaszewska-Wisniewska Anna,
Domanowska Ewa, Skoczylas-Makowska Natalia, Antosik Paulina, Zielinska Wioletta,
Gzil Arkadiusz, Czajkowska Paulina, Mikotajczyk Klaudia, Grzanka Dariusz; Appl. Sci.-
Basel 2022 : Vol. 12, nr 1, 5. 1-26, 306.

oswiadczam ze moj wlasny wkiad merytoryczny w powstawanie niniejszej publikacji to:
s udziat w zaprojektowaniu i zaplanowaniu badan
* interpretacja wynikow

= akceptacja manuskryptow i wniesienie uwag

lednoczesnie wyrazam zgode na przedtozenie wskazanej pracy przez mgr Justyne Durslewicz

jako czeé¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow

opublikowanych w recenzowanych czasopismach naukowych.
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11. Zgoda Komisji Bioetycznej

Uniwersyiet Mikolaja Kopernika w Toruniu
Collegiom Medicum im L, Rydvgiera w Bydgoszcey
KOMISIA BIOETYCZNA
UL M. Sklodowskicj-Curie 9, 85-094 Bydgoszez, tel.(052) 585-35-63, fax.(052) 585-38-11

KB 336/2018 Bydgoszcz, 24.04.2018 ¢

Dienalajae na podstawie art. 29 Ustawy 2 dnia § grudnia 1996 roki o zawodzie lekarza (De L) 2 1997 ¢ N
28 poz. 152 (wraz ¢ poiniciszymi zmianami). zarzadzenia Ministra Zdrowia i Opieki Spolecznej # dnia 11 maja
1999 r. w sprawie szczegdlowych zasad powolywania | finansowania oraz trybu dzialania komisji bivetycanych
(e LNE 4T pozA80) oraz Zarzadzeniem Nr 21 Rektora UMK 2 dnin 4 marca 2009 r. 2 pdin. zm, w sprawic
powolamia oriz zasad dzialania Komisji Bioetycane] Uniwersytetn Mikolaja Kopemika w Toruniu prey
Collegium Medicum im Ludwika Rydygiera w Bydgoszezy oraz zgodnie z zasadami zawartymi w ICH - GCP?

Komisja Bioetycena prey UMK w Toruniu, Collegium Medicum w Bydgoszeey

{shlad poduno w zalgcseniuk na posicdzeniy w dniv 24.04.2008 1. precanalizowals wniosck
ktory ozl Kierosnik badania

dr hab. n. med. Dariusz Greanka
Katedra i Zaklad Patomorfologii Klinicznej
Collegium Medicum w Bydgoseery

2 2espotem w skladeie

= dr n. med. Maciej Gagat, dr n. med. Lukasz Szylberg, dr n. med. Anna
hlimaszewska-Wisniewska, dr n, med. Tomasz Szezgsny, lek. lzabela Neska-Dlugosz,
lek, Jakub Joiwicki, mgr Paulina Antosik, Adam Kowalewski,

wsprawie badania

«Ocena klinicznego  znaczenin wybranyeh  binlek o potencjalne]  roli
W patogenezic nicdrobnokomdarkowego raka pluca w grupie pacjentéow onkologicznych
lecranyeh operacyjnie,™

Po zapoenaniu sic 2¢ 2lodonym waioskiem | w wyniku preeprowadsone] dyskusji oraz glosowania
Boomisia posiela
Uchwalg o pozytywnym zaopiniowaniv wniosku

wosprawie preeprowadeenia badan w zakresie okredlonym we winiosku pod warunkiem sachowania tajemnics
wizysthich danych, w tym danych osobowyeh pacjenta umozliwiajoeveh ich identyfikacje w ewentualnych
publikacjach, Zgoda obejmuje tylko material biologiceny pobrany w latach 2010-2017r. od pagjeniow, kidrey
nie wyraill stosownego spraeciwu w Centralnym Rejestrze Sprzeciwiw,

Zgodu obowigzuje od daty posiedzenia (22.05.2018 r.) do koca 2021 r.

Wvidarsa ogristia detyezv hilko raspairinvaneyo wifosky = wwzgivdnivniem proeditawionego projekin
Rirzulis zmpianie | veshvfikacio wymaga wzvskania odreboes apinii

{ ;
Prof. dr hab, med ﬁuml Sliwka

I’r.-c\n.sde{u wacy Komisji Bioetverngj
CHrzymuje

=4
e hab, n. med. Dariusz Grzanka /'_\

katedrs | Zaklad Patomorfologii Kliniczng)
Collegium Medicum w Bydgoszcey
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Lista obecnosci
na posiedzeniu Komisji Bioetycznej

w dnin 22.05.2018 r.

= 4
Lp. Imig i nazwisko Funkcija Podpis
- |
I Prof. dr hab. med. Karol Sliwka Przewodniczacy
§ Z-ca ~
e Mgr prawa Joanna Poletek-Zygas
preewodniczacego
| 3. | Prof drhab. med, Mieczystawa Czerwionka-Szaflarska wmm"
di: Prof. dr hab, med. Anna Balcar-Borof |
|
5, Prof. dr hab. med. Marek Grabiec
6 Prof. dr hab. med. Zbigniew Wiodarczyk @ )?z\
: s o
7. | Drhab. n. med. Katarzyna Pawlak-Osinska, prof. UMK E X -O We |
!
8 | Dr hab. n med. Maria Klopocka
1 _ _
g Ks. dr hab, Wojciech Szukalski, prol. LIAM - m
i
4 ===
10, i Dr n, med. Radoslawa Staszak-Kowalska
|
|
i ! Magr prawa Patrycja Brzezicka (W Ctre -
[
I S
12. Megr farm. Aleksandra Adamczyk w
13. I Mgr Lidia Iwifiska-Tarczykowska QU [ 5 ! g
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Uniwersytet Mikolaja Kopernika w Toruniu
Collegium Medicum im L. Rydygiera w Bydgoszezy
KOMISJA BIOETYCZNA
UL M. Sklodowskiej-Curie 9, 85-094 Bydgoszez, tel.(052) 585-35-63, fax.(052) 585-38-11

KB 336/2018 Bydgoszcz, 25.06.2019r.

Dziatajac na podstawie art.29 Ustawy z dnia 5 grudnia 1996 roku o zawodzie lekarza (Dz. U. z 1997 r. Nr
28 poz. 152 (wraz z pdniejszymi zmianami), zarzadzenia Ministra Zdrowia i Opieki Spolecznej z dnia 11 maja
1999 r. w sprawie szczegdlowych zasad powolywania i finansowania oraz trybu dzialania komisji bicetycznych
(Dz. U. Nr 47 poz.480) oraz Zarzadzeniem Nr 21 Rektora UMK z dnia 4 marca 2009 r. z péZn. zm. w sprawie
powolania oraz zasad dzialania Komisji Bioetycznej Uniwersytetu Mikolaja Kopemika w Toruniu przy
Collegium Medicum im Ludwika Rydygiera w Bydgoszezy oraz zgodnie z zasadami zawartymi w ICH — GCP

Komisja Bioetyczna przy UMK w Toruniu, Collegium Medicum w Bydgoszezy

(ktorej sklad podano w zalgczeniu) na posiedzeniu w dniu 25.06.2019 r. przeanalizowala
prosbg o wyrazenie zgody na:
* poszerzenie zespolu badawczego o mgr Justyne Durélewicz,

ktdra zhoiyi:

dr hab. n. med. Dariusz Grzanka
Katedra i Zaklad Patomorfologii Klinicznej
Collegium Medicum w Bydgoszczy

w sprawie badania:

»Ocena  klinicznego znaczenia wybranych bialek o potencjalnej roli w
patogenezie niedrobnokomorkowego raka pluca w grupie pacjentéw onkologicznych
leczonych operacyjnie.”

Po zapoznaniu si¢ ze zlozonym dokumentem i w wyniku przeprowadzonej dyskusii
oraz glosowania jawnego Komisja przyjela do wiadomosei podane informacje i wyraza zgode
na powyzsze pod warunkami okreslonymi w uchwale Komisji podjete] w dniu 22.05.2018 .

Zgoda na kontynuowanie przedmiotowego badania obowiazuje do konca 2021 roku.

Prof. dr hab. med. Karpl Sliwka

Pl'zewodniyl:g_[(umisj Bioetycznej

Otrzymuje:

dr hab. n. med. Dariusz Grzanka
Katedra i Zakiad Patomorfologii Klinicznej
Collegium Medicum w Bydgoszezy
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Lista obecnosci

na posiedzeniu Komisji Bioetycznej

w dniu 25.06.2019 r.
Lp. Imi¢ i nazwisko Funkcja/ Specjalizacja Pl:dpi;
T
. Prof. dr hab. med. Karol $liwka e k
medyeyna sgdowa I
T—
Z — ca przewodniczacego |
2. Mgr prawa Joanna Poletek-Zygas ’ iy
prawniczka
dia lergologia i
3. | Prof. dr hab. med. Mieczyslawa Czerwionka-Szaflarska R e j . JJ L1
gastroenterologia dziecigea k‘:{l‘-n-] |
aq Prof. dr hab. med. Anna Balcar-Boron pediatria, nefrologia
F i |
¥ otniciwa, |
5 Prof. dr hab. med. Marek Grabiec pod
ginekologia onkologiczna
= chirurgia ogdlna,
6. Prof. dr hab. med. Zbigniew Wiodarczyk
transplantologia kliniczna
arganizacja ochrony EI}P
7 | Drhab. n. med. Katarzyna Pawlak-Osinska, prof. UMK i P
zdrowia, otolaryngologia :&’bl }:]Q
i choroby wewngtrzne,
Y Dr hab. n med. Maria Klopocka
) gastroenterologia
g Ks. dr hab. Wojciech Szukalski, prof. UAM duchowny &, M
L
10, Dr n. med. Radostawa Staszak-Kowalska pediatria, choreby pluc hj
]
11. Mgr prawa Patrycja Brzezicka prawniczka (_‘ cén_'
12, Mgr farm. Aleksandra Adamczyk farmaceutka 1.1 e
13. Mgr Lidia Iwinska-Tarczykowska pielggniarska
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Uniwersytet Mikolaja Kopernika w Toruniu
Collegium Medicum im L. Rydygiera w Bydgoszezy
KOMISJA BIOETYCZNA
UL M. Sklodowskiej-Curie 9, 85-094 Bydgoszcz, tel.(052) 585-35-63, fax.(052) 585-38-11

KB 342/2020 Bydgoszcz, 23.06.2020r.

Dzialajac na podstawie art.29 ustawy z dnia 5 grudnia 1996 roku o zawodzie lekarza (Dz.U. z 1997 r.
Nr 28 poz. 152 (wraz z poZniejszymi zmianami), rozporzadzenia Ministra Zdrowia i Opieki Spolecznej 2 dnia
Il maja 1999 r. w sprawie szczegolowych zasad powolywania i finansowania oraz trybu dziatania komisji
bioetycznych (Dz.U. Nr 47 poz.480) oraz Zarzgdzenia Nr 21 Rektora UMK z dnia 4 marca 2009 r. z péin, zm. w
sprawie powolania oraz zasad dzialania Komisji Bioetyeznej Uniwersytetu Mikolaja Kopemika w Toruniu przy
Collegium Medicum im Ludwika Rydygiera w Bydgoszezy oraz zgodnie z zasadami zawartymi w ICH — GCP

Komisja Bioetyczna przy UMK w Toruniu, Collegium Medicum w Bydgoszezy

(sktad podano w zalaczeniu), na posiedzeniv w dniu 23.06.2020 r. przeanalizowala wniosek,
ktory zloiyl kierownik badania:

dr hab. n. med. Dariusz Grzanka, prof. UMK
Katedra Patomorfologii Klinicznej
Collegium Medicum w Bydgoszezy

z zespolem w skladzie

- dr hab. n. med. Maciej Shupski, dr hab. Lukasz Szylberg, prof. UMK, dr n.
med. Anna Klimaszewska-Wisniewska, dr n. med. Ewa Domanowska, dr n. med. Natalia
Skoczylas-Makowska, lek. Izabela Neska-Dlugosz, lek. Anna Kasperska, mgr Paulina
Antosik, mgr Justyna Durdlewicz, mgr Joanna Ligmanowska, mgr Joanna Gere,
Izabela Zar¢bska, Karolina Buchholtz, Arkadiusz Gzil, Damian Jaworski,

w sprawie badania:

wOcena  klinicznego  znaczenia  wybranyeh bialek o potencjalnej roli
w patogenezie nowotworu trzustki w grupie pacjentéw onkologicznych leczonych
operacyjnie.”

Po zapoznaniu sig ze zlozonym wnioskiem i w wyniku przeprowadzonej dyskusji oraz glosowania
Komisja podjela:

Uchwalg o pozytywnym zaopiniowaniu wniosku

w sprawie przeprowadzenia badan w zakresie okreslonym we wniosku pod warunkiem uzyskania zgody osoh
badanych na wykorzystanie materialu biologicznego do celéw naukowych, a w przypadku braku takiej zgody,
analizowania jedynie materialu zanonimizowanego tj. pozbawionego danych personalnych (zgodnie z RODO),

Zgoda obowigzuje od daty podjecia uchwaly (23.06.2020 r.) do kosica 2025 r.
Wydana opinia dotyezy tvlko rozpatrywanego wniosku z uwzglednieniem przedstawionego projekiu;
kazda zmiana i madyfikacia wymaga uzyskania odrebnef opinii

Prof. dr hab. med. Karol Sliwka

Przewodniczacy Komisji Bioetycznej
Otrzymuje: N |
dr hab. n. med. Dariusz Grzanka, prof. UMK L
Katedra Patomorfologii Klinicznej SR~
Collegium Medicum w Bydgoszczy

83



Lista obecnosci

na posiedzeniu Komisji Bioetycznej

w dniu 23.06.2020 r.
Lp. Imie i nazwisko J Funkcja/ Specjalizacja
1 Prof dr hab. med. Karol Sliwka Przewodniczacy
medycyna sgdowa s
Z - ca przewodniczacego o

2 Mgr prawa Joanna Poletek-Zygas e o

‘ prawniczka

. — -

\ diatra, alergologia i
3. | Prof.dr hab. med. Micczyslawa Czerwionka-Szaflarska . o

gastroenterologia dziecigea |

Megr Lidia Iwinska-Tarczykowska

4. Prof. dr hab. med. Anna Balcar-Boron pediatria, nefrologia
_ poloznictwo,
5 Prof. dr hab. med. Marek Grabiec '
: ginekologia onkologiczna
: chirurgia ogélna,
6 Prof. dr hab, med. Zbigniew Wiodarczyk h o
' transplantologia kliniczna
organizacja ochrony
7. | Drhab. n. med. Katarzyna Pawlak-Osinska, prof. UMK ) )
‘ zdrowia. otolaryngologia
choroby wewngtrzne, np 2%,
3 Dr hab. n med. Maria Klopocka, prof. UMK 4 g o T
‘ gastroenterologia !
| V7.0 —}1".\1
g Ks. dr hab. Wojciech Szukalski, prof. UAM duchowny ‘ # <} ”wvw '!
0 Dr n. med. Radoslawa Staszak-Kowalska pediatria, choroby plic | 42%
}.‘
11. Mgr prawa Patrycja Brzezicka prawniczka 7 <t "(.('J;._a—
"s
12. Mgr farm. Aleksandra Adamczyk Sfarmaceutka
13

pielggniarska (l

84



12. Streszczenie

Wobec niewystarczajgcej liczby oraz braku spdjnosci doniesien na temat klinicznej
wartosci biatka SATB1 w NSCLC oraz PAC, celem niniejszej rozprawy doktorskiej byta ocena
zaleznosci pomiedzy tkankowg manifestacjg SATB1, a wybranymi danymi klinicznymi,
histologicznymi oraz biologicznymi (TLR2, SMAD3, ezryna oraz B-katenina) analizowanych
grup pacjentow. Istotnym zatozeniem badan byto okreslenie niezaleznej wartosci
rokowniczej ekspresji SATB1 z uwzglednieniem jego subkomérkowej lokalizacji ocenionej
immunohistochemicznie w kohorcie wifasnej oraz publicznie dostepnych danych
transkryptomicznych zgromadzonych w ramach projektu TCGA. Biorgc réwniez pod uwage,
ze jako globalny czynnik transkrypcyjny SATB1 nie jest izolowanym ‘graczem’ wptywajacym
na rokowanie pacjentéw, lecz czescig wzajemnie przenikajgcych sie sciezek sygnalizacyjnych
regulujgcych réwnowage dynamiczng fundamentalnych proceséw komodrkowych,
postanowiono oceni¢ korelacje biologiczne pomiedzy ekspresja SATB1 a funkcjonalnie
powigzanymi biatkami: TLR2, SMAD3, ezryng oraz B-katening, jak rowniez ich indywidualny
i tgczny wptyw na czas przezycia catkowitego pacjentéw.

Wysoki poziom SATB1 oceniony w frakcji jgdrowej byt niezaleznym korzystnym
czynnikiem prognostycznym u chorych z NSCLC, podczas gdy wysoki poziom SATB1
zlokalizowany na terenie cytoplazmy komorki okazat sie niezaleznym predyktorem
niekorzystnego rokowania. Bazujgc na zbiorze danych TCGA wykazano, ze nadekspresja
MRNA SATBI1 byta istotnie zwigzana z dtuzszym czasem przezycia pacjentow. Ponadto,
stratyfikacja chorych z NSCLC na podstawie kombinacji poziomdéw ekspozycji SATB1, SMAD3
oraz TLR2 umozliwita wyrdznienie podgrup pacjentdw z najwiekszg roinicg w czasie
przezycia. Przeciwstawne znaczenie prognostyczne SATB1 w zaleznosci od lokalizacji
barwienia wykazano rowniez w grupie pacjentow z PAC. Obecnos¢ odczynu
immunohistochemicznego w frakcji cytoplazmatycznej byta niezaleznym niekorzystnym
czynnikiem prognostycznym w grupie pacjentow z PAC. Analiza zwigzana z manifestacjg
SATB1 na terenie jgdra nie osiggneta istotnosci statystycznej, jednak krzywe Kaplana-Meiera
wyodrebnity chorych z niskg ekspresjg i niekorzystnym rokowaniem od chorych z wysoka
ekspresjg i korzystnym rokowaniem. Wysoka ekspresja mRNA SATB1 okazata sie niezaleznym
wskaznikiem prognostycznym dla korzystnego czasu przezycia pacjentéw. Ponadto,
kombinacja ekspozycji SATB1, SMAD3, ezryny oraz B-kateniny byta zwigzana z rokowaniem

pacjentow niezaleznie od konwencjonalnych czynnikéw ryzyka, zaréwno w kohorcie wtasnej,
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jak i w zbiorze danych TCGA w grupie PAC. Dodatkowo przewidywana strategia biologiczna
zwigzana z koekspresjg SATB1, SMAD3, EZR oraz CTNNB1 obejmowata znaczgce wzajemne
powigzania z klasycznymi regulatorami zwigzanymi z procesem nowotworzenia.

Z punktu widzenia uzytecznosci klinicznej, niniejsza rozprawa doktorska implikuje
przeciwne znaczenie prognostyczne w zaleznosci od subkomoérkowej dystrybucji SATB1
w PAC oraz NSCLC w | i Il stadium choroby. Przedstawione wyniki badan wskazujg
na konieczno$¢ indywidualnej analizy: cytoplazmatycznej i jadrowej SATB1, w celu
doktadniejszego przewidywania rokowania pacjentéw z PAC oraz NSCLC w | i Il stadium
choroby. Przeprowadzone w toku niniejszej pracy doktorskiej analizy pozwalajg rozpatrywac
SATB1 oraz powigzane z nim funkcjonalnie biatka jako potencjalne cele terapeutyczne w PAC

oraz NSCLC w | i Il stadium choroby.
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13. Summary

Considering the lack and inconsistency of reports on the clinical value of SATB1 protein
in NSCLC and PAC, this dissertation aimed to evaluate the relationship between tissue
manifestation of SATB1 and selected clinical, histological, and biological data (TLR2, SMAD3,
ezrin, and B-catenin) of the analyzed patient groups. An essential premise of the study was
to determine the independent prognostic value of SATB1 expression, taking into account
its subcellular localization assessed immunohistochemically in our cohort and publicly
available transcriptomic data collected by TCGA project. Considering also that as a global
transcription factor, SATB1 is not an isolated 'player' affecting patient prognosis but part
of intertwined signaling pathways regulating the dynamic balance of fundamental cellular
processes, we decided to assess the biological correlations between SATB1 expression and
functionally related proteins: TLR2, SMAD3, ezrin, and B-catenin, as well as their individual
and combined effects on patients' overall survival time.

High levels of SATB1 assessed in the nuclear fraction were an independent favorable
prognostic factor in patients with NSCLC, while high levels of SATB1 localized
to the cytoplasm of the cell proved to be an independent predictor of adverse prognosis.
Based on the TCGA dataset, it was shown that SATBI mRNA overexpression was significantly
associated with more prolonged patient survival. In addition, the stratification of patients
with NSCLC based on combinations of SATB1, SMAD3, and TLR2 exposure levels made
it possible to distinguish subgroups of patients with the most significant difference
in survival time. The opposing prognostic significance of SATB1 depending on the location
of staining was also demonstrated in the group of patients with PAC. The presence
of an immunohistochemical reaction in the cytoplasmic fraction was an independent
adverse prognostic factor in the group of patients with PAC. Analysis related to SATB1
manifestation in the testicular area did not reach statistical significance, but Kaplan-Meier
curves separated patients with low expression and unfavorable prognosis from those with
high expression and favorable prognosis. High SATB1 mRNA expression proved
an independent prognostic indicator for favorable patient survival time. Moreover,
the combination of SATB1, SMAD3, Ezrin, and B-catenin expression was associated with
patient prognosis independent of conventional risk factors in both our own cohort and the

TCGA dataset in the PAC group. In addition, the predicted biological strategy associated with

87



the coexpression of SATB1, SMAD3, EZR, and CTNNB1 included significant cross-talk with
classical tumor-associated regulators.

Regarding clinical utility, this dissertation implies opposite prognostic significance
depending on the subcellular distribution of SATB1 in PAC and NSCLC in stage
| and Il disease. The results presented here indicate the need for individual analysis:
of cytoplasmic and nuclear SATB1 to more accurately predict the prognosis of patients
with PAC and NSCLC in stage | and Il diseases. The analyses carried out in this dissertation
make it possible to consider SATB1 and its functionally related proteins as potential

therapeutic targets in PAC and stage | and Il NSCLC.
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