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Streszczenie

Streszczenie

Rak ptuc jest jednym z najczestszych nowotwordéw ztosliwych, charakteryzujacym si¢ wysoka
zapadalno$cia 1 S$miertelnoscig. Pod  wzgledem  histologicznym  dzieli  si¢
na niedrobnokomorkowego raka ptuc (ang. non-small cell lung cancer, NSCLC), stanowigcego
ok. 85% wszystkich przypadkéw, oraz drobnokomoérkowego raka ptuc (ang. small cell lung
cancer, SCLC). W niedrobnokomérkowym raku pluc wyroznia si¢ raka ptaskonabtonkowego
(ang. squamous cell carcinoma, SCC), gruczolakoraka (ang. adenocarcinoma, AC) oraz raka
wielkokomorkowego (ang. large cell carcinoma, LCC). Ze wzgledu na wysoka $miertelnos¢
spowodowang tg chorobg, badania nad poszukiwaniem markerow prognostycznych tego

nowotworu wydajg si¢ nadal uzasadnione.

Zyksyna (ZYX) jest bialkiem nalezacym do rodziny biatek z domeng LIM (ang. LIM domain
proteins), powszechnie znanym jako komponent ognisk adhezyjnych. Bierze ona udziat
w organizacji i remodelingu cytoszkieletu. Czasteczka zyksyny sktada si¢ z miejsca wiazacego
a-aktyning, powtorzen bogatych w proling ActA, sekwencji eksportu jadrowego (ang. nuclear
export sequence, NES) oraz z trzech domen LIM. Wykazano, ze bialko to moze ulegac
przemieszczeniu z cytoplazmy do jadra komorkowego, co sugeruje jego udziat
W przekazywaniu sygnalu z zewnatrz do wnetrza komorki oraz udziat w regulacji ekspresji
gendw. Eksperymenty wykazaly, ze ZY X moze uczestniczy¢ w takich procesach jak apoptoza

czy przejscie epitelialno-mezenchymalne.

Przeprowadzone dotychczas badania sugeruja udziat zyksyny w onkogenezie. Moze ona petnié
zaréwno funkcj¢ promujaca, jak i supresorowa w procesie nowotworzenia. Onkogenna role
ZYX wykazano migdzy innymi w raku gruczolu piersiowego oraz jelita grubego. Natomiast
supresorowg role tego biatka postuluje si¢ w raku prostaty 1 pecherza moczowego. Istnieje
jednak niewielka liczba publikacji weryfikujacych udziat ZYX w powstawaniu
niedrobnokomorkowego raka pluc. Badania pokazujg zmniejszong ekspresje ZYX w linii
komorkowej niedrobnokomorkowego raka ptuc. Inne eksperymenty demonstrujg z kolei role
ZYX w migracji 1 adhezji komorkowej. Wykazano réwniez zmniejszony poziom ZYX
w guzach nowotworowych w mysim modelu raka ptuc. Dlatego tez, celem naszych badan byto
okreslenie poziomu ekspresji ZYX w przypadkach niedrobnokomoérkowego raka ptuc,
pozyskanych od pacjentow leczonych operacyjnie i skorelowanie otrzymanych wynikow
z danymi kliniczno-patologicznymi. Tym samym podj¢to probe odpowiedzi na pytanie,

czy poziom ekspresji tego biatka moze mie¢ zwigzek z rozwojem NSCLC?



Streszczenie

Pierwsza praca zawarta w cyklu publikacji ma charakter przegladowy. Jej celem byto
usystematyzowanie wiedzy na temat udziatu zyksyny w rozwoju réznych typdw nowotworow
(Partynska Aleksandra, Gomutkiewicz Agnieszka, Dziegiel Piotr, Podhorska-Okotow
Marzenna. The role of zyxin in carcinogenesis. Anticancer Res., 2020, Vol. 40, no. 11, s. 5981-
5988, DOI:10.21873/anticanres.14618). We wstepie pracy opisano budowe oraz funkcje ZYX.
Dalsza cze$¢ pracy skupia si¢ na roli tego biatka w rozwoju i progresji réznego typu

NOWOtworow.

Druga publikacja jest praca oryginalng opisujaca ekspresje ZY X, zard6wno na poziomie MRNA,
jak 1 biatka, w materiale klinicznym niedrobnokomorkowego raka pluc oraz w wybranych
liniach komérkowych stanowigcych model in vitro tego nowotworu (Partynska Aleksandra,
Gomutkiewicz Agnieszka, Piotrowska Aleksandra, Grzegrzotka Jedrzej, Rzechonek Adam,
Ratajczak-Wielgomas Katarzyna, Podhorska-Okotow Marzenna, Dziggiel Piotr. Expression
of zyxin in non-small cell lung cancer — a preliminary study. Biomolecules, 2022, Vol. 12, no.
6, art.827, DOI:10.3390/biom12060827). Badania na materiale klinicznym zostaly wykonane
wykorzystujac nastgpujace metody badawcze: immunohistochemie (IHC), Western Blot, real-
time PCR oraz RT-gPCR wykonany na mRNA pochodzacym z komorek wyizolowanych
za pomoca mikrodysekcji laserowej. W badaniach IHC wykorzystano 399 przypadkéw NSCLC
oraz 85 wycinkow tkanki pluc niezmienionej nowotworowo, utrwalonych w postaci bloczkow
parafinowych oraz przygotowanych jako mikromacierze tkankowe. Wykonane reakcje IHC
wykazaly obecno$§¢ ZYX w cytoplazmie, blonie komoérkowej oraz jadrze komdrkowym
komorek nowotworowych oraz komorek prawidtowej tkanki ptuc. Analiza statystyczna
wykazala istotnie nizszy poziom cytoplazmatycznej ZYX w komorkach NSCLC niz w tkance
prawidtowej. Z kolei poziom jadrowej ZYX byl podwyzszony w komorkach NSCLC
w stosunku do prawidtowych komorek ptuc. Dalsze analizy pokazaty wyzszy poziom jadrowej
ZY X w komorkach SCC niz w AC. Badania zademonstrowaty roéwniez istotnie nizszy poziom
cytoplazmatycznej ZY X w komérkach NSCLC i SCC, w guzach pT3-4 niz w pT1. Zauwazono
takze istotnie nizszy poziom cytoplazmatycznej ZY X w komérkach NSCLC i SCC w stadium
zaawansowania klinicznego I11-IV niz w stadium I. Analizy wykazaly, ze ZYX nie moze by¢
traktowana jako niezalezny czynnik prognostyczny w NSCLC. Metoda Western Blot pokazata
nizszy poziom biatka ZYX w guzach NSCLC i SCC niz w tkance kontrolnej. Badania real-time
PCR zademonstrowaty nizszy poziom mRNA ZYX w guzach NSCLC i AC niz w prawidlowej
tkance ptuc. Z kolei RT-gPCR wykonany na mRNA pochodzacym z komérek wyizolowanych

za pomoca mikrodysekcji laserowej rowniez wykazat nizszy poziom mRNA ZYX w komorkach
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NSCLC, SCC i AC niz w prawidtowych komoérkach ptuc. Poziom ZYX zostat zbadany takze
w liniach NSCLC (linia ptaskonabtonkowego raka ptuc — NCI-H1703, linia gruczolakoraka
ptuc — NCI-H522) oraz w linii kontrolnej prawidtowych fibroblastow ptucnych IMR-90.
Wykorzystane techniki badawcze obejmowaty: immunofluorescencj¢, immunocytochemie,
Western Blot oraz real-time PCR. Reakcje immunocytochemiczne wykazaty obecnos¢ ZYX
w cytoplazmie. Dodatkowo reakcje immunofluorescencyjne ujawnity obecno$¢ ZYX w jadrze
komorkowym badanych komorek. Eksperymenty wykonane na liniach komoérkowych
zademonstrowaty nizszy poziom biatka ZYX w liniach NSCLC niz w linii kontrolnej IMR-90.
Z kolei analiza metoda real-time PCR wykazata wyzszy poziom mRNA ZYX w linii
komodrkowej NCI-H1703 niz w linii prawidlowej IMR-90. Nizszy poziom mRNA ZYX
w stosunku do linii kontrolnej IMR-90 wystepowat w linii NCI-H522.

Podsumowujac, obnizony poziom ZYX w komorkach NSCLC w poréwnaniu do tkanki
kontrolnej sugeruje, ze ZYX moze petié role biatka supresorowego w rozwoju NSCLC.
Jednakze uzyskane wyniki wskazuja, ze ZY X nie ma potencjatu prognostycznego w tym typie

nowotworu.
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Lung cancer is one of the most frequent cancers, described with high incidence and mortality.
Based on histological classification, non-small cell lung cancer (NSCLC), accounting for nearly
85% of all lung cancer cases, and small cell lung cancer (SCLC) are distinguished. Non-small
cell lung cancer is subdivided into squamous cell carcinoma (SCC), adenocarcinoma (AC),
and large cell carcinoma (LCC). As this disease is characterized by high mortality, research
concerning searching for prognostic factors is still justified.

Zyxin (ZYX) is a protein owned by LIM domain proteins family. ZYX is commonly
acknowledged as a component of focal adhesions. It is responsible for organization
and remodeling of cytoskeleton. The molecule of zyxin is made up of the following sequences:
a-actinin binding site, proline-rich ActA repeats, nuclear export sequences (NES), and three
LIM domains. The studies demonstrated this protein could translocate from cytoplasm into
nucleus. It advocates the contribution of ZYX to extra-to-intracellular signaling and gene
expression regulation. The experiments showed ZYX could take part in processes such as

apoptosis or epithelial-mesenchymal transition.

Studies so far undertaken have suggested the role of ZY X in oncogenesis. This protein might
promote as well as suppress carcinogenesis. The oncogenic function of ZY X has been shown,
inter alia, in breast cancer and colorectal cancer. However, the suppressive role of this protein
has been postulated in prostate cancer and bladder cancer. In the literature, there are not enough
publications verifying the contribution of zyxin to non-small cell lung cancer development.
Downregulation of ZYX expression was described in a NSCLC cell line. Other experiments
demonstrated the position of ZY X in migration and cell adhesion. Decreased level of zyxin was
shown in tumours of lung cancer murine model. Therefore, the aim of our study was to evaluate
the expression of ZYX in NSCLC cases, collected from patients treated surgically, and to
correlate the obtained results with the clinicopathological data. These measures let answer the
question of whether the expression level of zyxin could be associated with NSCLC

development?
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The first paper included in a publication series is a review paper. Its purpose was to systemize
the knowledge about the role of zyxin in cancer development (Partynska Aleksandra,
Gomulkiewicz Agnieszka, Dziegiel Piotr, Podhorska-Okotow Marzenna. The role of zyxin
in carcinogenesis. Anticancer Res., 2020, Vol. 40, no. 11, s. 5981-5988, DOI:
10.21873/anticanres.14618). In the introduction section, the structure and function of ZYX
are described. The further part of the publication concerns the role of this protein
in the development and progression of different cancer types.

The second publication is classified as an original research paper describing the mRNA
and protein ZYX levels in NSCLC clinical specimens as well as in chosen cell lines which
constitute the in vitro model of this cancer (Partynska Aleksandra, Gomulkiewicz Agnieszka,
Piotrowska Aleksandra, Grzegrzotka Jedrzej, Rzechonek Adam, Ratajczak-Wielgomas
Katarzyna, Podhorska-Okotow Marzenna, Dziggiel Piotr. Expression of zyxin in non-small cell
lung cancer — a preliminary study. Biomolecules, 2022, Vol. 12, no. 6, art. 827, DOI:
10.3390/biom12060827). Clinical sample studies were executed using the following methods:
immunohistochemistry (IHC), Western Blot (WB), real-time PCR, and RT-qPCR performed
on mMRNA stemmed from cells isolated with laser microdissection. IHC technique was carried
out on 399 NSCLC cases and 85 non-malignant lung tissue specimens, fixed in parraffin blocks
and prepared as tissue microarrays. IHC reactions demonstrated the presence of ZYX
in the cytoplasm, cell membrane, and nucleus of cancer cells and normal lung tissue cells.
The statistical analysis showed significantly decreased level of cytoplasmic ZYX in NSCLC
cells compared to normal tissue. However, the nuclear ZY X level was elevated in NSCLC cells
in relation to normal lung cells. Further analyses showed higher nuclear ZY X level in SCC cells
than in AC cells. The study also presented statistically decreased cytoplasmic ZYX levels
in NSCLC cells and SCC cells of pT3-4 tumours in relation to pT1 tumours. Statistically lower
cytoplasmic ZY X levels in NSCLC cells and SCC cells of stage 111-1VV compared to stage | were
noticed. The results showed ZY X could not be considered an independent prognostic factor
in NSCLC. Western Blot method demonstrated decreased ZYX protein level in NSCLC
and SCC tumours compared to the control tissue. Real-time PCR studies presented lower ZYX
MRNA levels in NSCLC and AC lesions than in normal lung tissue. In addition, RT-qPCR
carried out on mRNA derived from cells isolated with laser microdissection showed decreased

ZYX mRNA expression in NSCLC, SCC, and AC cells in comparison to normal lung cells.

The expression of ZYX was also investigated in NSCLC cell lines (lung squamous cell

carcinoma cell line — NCI-H1703, lung adenocarcinoma cell line — NCI-H522) and in the
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control cell line comprising normal lung fibroblast cell line IMR-90. The applied research
methods included immunofluorescence, immunocytochemistry, Western Blot, and real-time
PCR. Immunocytochemical reactions revealed the presence of ZYX in the cytoplasm.
Moreover, immunofluorescence reactions demonstrated the residence of ZYX in the nucleus
of the examined cells. The experiments performed on the cell lines showed decreased ZYX
protein levels in NSCLC cell lines in relation to the control cell line IMR-90. In turn, real-time
PCR analysis presented higher ZYX mRNA expression in the cell line NCI-H1703 than in the
normal cell line IMR-90. Lower ZYX mRNA level was detected in the cell line NCI-H522 than
in the control cell line IMR-90.

In conclusion, decreased ZY X expression in NSCLC cells in comparison to the control tissue
suggests that ZYX might function as a suppressor protein in NSCLC development.
Nevertheless, the obtained outcomes point out that ZYX does not exhibit the prognostic

potential in this cancer type.
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Wstep

Rak ptuc jest jednym z najczesciej diagnozowanych nowotwordéw ztosliwych na $wiecie,
charakteryzujacym si¢ wysoka zapadalnoscia i Smiertelnoscig [1]. W zwigzku z tym, zalicza
si¢ do najwazniejszych celow terapeutycznych. Czynnikami predysponujacymi
do zachorowania na raka ptuc sg: dlugoczasowe palenie papieroséw, czynniki genetyczne
oraz ekspozycja na metale cigzkie [2,3]. Rak ptuc dzieli si¢ na niedrobnokomoérkowego raka
ptuc (ang. non-small cell lung cancer, NSCLC) oraz drobnokomorkowego raka phuc
(ang. small cell lung cancer, SCLC) [4]. Szacuje si¢, ze NSCLC stanowi okoto 85% nowych
przypadkow raka pluc [3,4]. NSCLC mozna podzieli¢ na raka ptaskonabtonkowego
(ang. squamous cell carcinoma, SCC), gruczolakoraka (ang. adenocarcinoma, AC)

i wielkokomoérkowego raka ptuc (ang. large cell carcinoma, LCC) [3,4].

Zyksyna (ZYX) jest biatkiem nalezacym do rodziny biatek z domeng LIM. Biatka z domeng
LIM biora udziat w szeregu procesoéw, takich jak réznicowanie komorek, regulacja transkrypcji
czy organizacja cytoszkieletu [5]. ZYX jest sktadnikiem ognisk adhezyjnych oraz wiokien
napr¢zeniowych [6]. Bierze ona udzial miedzy innymi w remodelowaniu oraz naprawie
wiokien napr¢zeniowych [6], poprzez swojg role w polimeryzacji aktyny [7]. W strukturze
ZYX wyroznia si¢ miejsce wigzace o-aktyning, powtdrzenia ActA (bogate w proling)
oraz dwie sekwencje eksportu jadrowego (ang. nuclear export sequence — NES) [6].
Na C-koncu biatka znajduja si¢ trzy domeny LIM [6]. Wykazano, ze zyksyna moze ulegaé
przemieszczeniu z ognisk adhezyjnych/cytoplazmy do jadra komoérkowego pod wplywem
réznych czynnikow [8-11]. Niektore badania sugeruja jej udziat w regulacji ekspresji genow
[8,11]. Nalezy nadmieni¢, ze ZYX moze pehi¢ rolg w apoptozie oraz przejsciu epitelialno-
mezenchymalnym [9,12]. Badania wykazaly, ze ZYX moze rowniez bra¢ udzial w procesie
gojenia si¢ ran [5]. Sugeruje sie, ze lokalizacja ZY X w komorce moze mie¢ wpltyw na rozwoj

nowotworow [13,14].

Przeprowadzone dotychczas badania wykazaly zwiekszong ekspresje ZY X w komorkach raka
jelita grubego, gruczotu piersiowego oraz raka watrobowokomorkowego [15-17]. Supresorowa
role ZYX w procesie nowotworzenia sugeruje si¢ natomiast w raku prostaty czy pecherza
moczowego [18-20]. Zyksyna moze odgrywac role takze w rozwoju czerniaka, ze wzglgdu
na jej podwyzszony poziom w komorkach tego nowotworu w poréwnaniu do prawidtowych
melanocytow [21]. Istnieje jednak niewiele doniesien na temat ekspresji oraz znaczenia ZYX
w raku pluc. Badania Mise et al. sprawdzaty role ZYX w migracji i adhezji komorek

niedrobnokomoérkowego raka pluc [22]. Komorki AS549 pozbawione ekspresji ZYX
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charakteryzowaty si¢ zwigkszong szybkoscig przemieszczania si¢ [22]. Dalsze badania

wykonane na myszach zademonstrowaty nizszy poziom ZYX w guzach raka ptuc [22]. Z kolei
Cadinu et al. wykazali nizszg ekspresje ZYX w linii komoérkowej HCC4017 (NSCLC) [23].

Nizszg ekspresjg charakteryzowaly si¢ takze inne biatka zwigzane z cytoszkieletem [23].

Przeprowadzono réwniez badania weryfikujace poziom zyksyny w osoczu oraz egzosomach

surowicy pacjentow z NSCLC [24,25].
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Zalozenia i cel pracy

Zalozenia i cel pracy

Celem niniejszej pracy bylo okreslenie lokalizacji 1 poziomu ekspresji ZYX w guzach
niedrobnokomdrkowego raka ptuc i tkance pluc niezmienionej nowotworowo. Do okreslenia
poziomu ZYX w NSCLC wykorzystano rowniez komercyjne linie komorkowe
ww. nowotworu. Ocena lokalizacji 1 poziomu biatka ZY X w materiale klinicznym odbywata
si¢ za pomocg metody immunohistochemicznej oraz Western Blot. Poziom mRNA ZYX
w guzach NSCLC zostal okreslony metoda real-time PCR. RT-gPCR postuzyt réwniez
do okreslenia poziomu mRNA ZYX w wyizolowanych metoda mikrodysekcji laserowej
komorkach nowotworowych jak 1 komodrkach plucnych niezmienionych nowotworowo. Wyniki
otrzymane metodg immunohistochemiczng skorelowano nastepnie z danymi kliniczno-
patologicznymi. Uzyskane dane pozwolity na zweryfikowanie, czy poziom ZY X ulega zmianie
podczas rozwoju NSCLC oraz czy ZYX posiada potencjal prognostyczny w przypadku tego
rodzaju nowotworu. Material badany stanowily rowniez dwie ludzkie linie NSCLC (NCI-
H1703 — SCC ptuc i NCI-H522 — AC ptuc) oraz kontrolna linia prawidtowych ludzkich
fibroblastéw ptucnych IMR-90. Wymienione linie komérkowe postuzyty do badan metodami

Western Blot, real-time PCR, immunofluorescencji i immunocytochemii.
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Abstract. Zyxin (ZYX) is a LIM domain protein whose
presence has been detected in the cytoplasm and nucleus.
ZYX can translocate between these two compartments and
therefore, can take part in the regulation of various cellular
processes. VASP and a-actinin are examples of proteins that
interact with ZYX. As ZYX is present in focal adhesions

(FAs), an immense part of research is focused on the role of

this protein in the organisation and function of the
cytoskeleton. Other studies aim to explain the impact of zyxin
on other intracellular processes. Zyxin has been shown to
take part in apoptosis, as well as in wound healing.
Additionally, zyxin contribution to cancer development is
gaining growing interest. This paper aims to systematise the
knowledge on zyxin and its role in carcinogenesis.

Zyxin (Z2YX) is classified as a LIM domain protein (1). LIM
domain contains two cysteine and histidine-rich zinc finger
motifs (sequence C-X5-C-X7.19-H-X,-C-X,-C-X,-C-X 5.9~
C) (2, 3). ZYX can interact through these domains with other
molecules and thus, regulate various intracellular processes
(1). The name “LIM domain” comes from the proteins in
which it was discovered for the first time: Lin-11, Isl1, and
Mec-3 (2). Paxilin, TRIP6, testin, and LASP belong to the
same large family of proteins (1). LIM domain proteins are
involved in many intracellular processes, such as cytoskeleton
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organisation, transcription regulation, cell differentiation, and
oncogenesis (Figure 1) (2).

Gene encoding human ZYX is located on chromosome 7 (4,
5). Zyxin is a phosphorylated protein with a molecular mass of
82-84 kDa (6). This protein can be present not only in the
cytoplasm, but also in the nucleus (2) (Figure 2), and the
translocation between these two compartments can occur under
various conditions (7), such as mechanical forces or EGF
(epidermal growth factor) (7, 8). ZYX is a component of focal
adhesions (FAs) responsible for the interaction between a cell
and the extracellular matrix, and also takes part in the
organisation and regeneration of the cytoskeleton (1). This
protein is a pivotal component of stress fibres (SFs), i.e.
contractile actomyosin fibres determining cell migration (1, 9).
Zyxin is known as a mechanosensor — under mechanical forces
it i) translocates into the nucleus where it can regulate gene
expression, or ii) localises along stress fibres to take part in actin
polymerisation (10-12). The structure of ZYX consists of
sequences that enable the protein to perform its functions. These
are: a-actinin [i.e. protein crosslinking actin filaments (13)]
binding site, 4 proline-rich repeats (so-called ActA repeats), and
2 leucine-rich nuclear export sequences (NES) (Figure 3) (1).
ActA repeats, identified for the first time in ActA protein of
Listeria monocytogenes bacterium (14, 15), are responsible for
interaction with VASP (Vasodilator-stimulated phosphoprotein),
which plays a role in actin polymerisation. In addition, three
LIM domains (LIM1, LIM2, and LIM3) essential for ZYX
targeting to focal adhesions and the cytoskeleton are located at
the C-terminus (1). LIM domains allow zyxin to interact with
other molecules, such as cell cycle and apoptosis regulator
protein-1 (CARP-1) (16) or transcription factor ZNF384,
involved in osteoblast differentiation (7).

Activity of ZYX might be regulated, inter alia, through
its head-tail interactions (17, 18). These interactions are
based on LIM domain binding to the proximity of proline-
rich regions (ActA repeats) and the release of zyxin from
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binding with proteins (i.e. so-called closed conformation)
(17, 18). Serine phosphorylation at position 142 (S142) was
shown to be indispensable for the elimination of the ZYX
head-tail interaction that recovers the ability to bind other
proteins (17, 18).

The study of Guo and Wang (19), performed on a murine
embryonic fibroblast cell line (NIH3T3), revealed that zyxin
is transported retrogradely in the form of so-called “tails™
from focal adhesions to the cell interior. This phenomenon
was dependent on the stiffness of the substrate, on which
cells were grown. In addition, the number of “tails” was
negatively correlated with the speed of cell migration (19).
Another study showed that mechanical stress resulted in
zyxin translocation from focal adhesions to actin filaments
(20). What is more, it turned out that zyxin was essential for
VASP localisation along stress fibres in cells subjected to
mechanical stress (20).

The contribution of zyxin to cellular processes has also
been described in apoptosis. Experiments carried out on a
murine embryonic fibroblast cell line (MEF) treated with
UV-C radiation showed that zyxin promoted cell death (21).
Translocation of zyxin from the cytoplasm into nucleus, as
well as an increase in both caspase-3 activity and the
percentage of apoptotic cells (detected with TUNEL method)
were detectable under UV-C radiation (21).

The study of Han er al. suggests that ZYX may play a role
in wound healing (22). Zyxin was shown to influence von
Willebrand factor secretion from murine endothelial cells
(22). Knockout of Zyx in mice caused longer bleeding time
after epinephrine stimulation, in comparison to wild type
(WT) mice (22). Moreover, Zyx knockout negatively
affected thrombus formation (22).

Numerous studies are focused on the role of ZYX as a
component of focal adhesions and the cytoskeleton, and as a
mechanosensor. It is commonly known that changes in the
expression of cytoskeleton-organising proteins have an
impact on cell migration, which is important in metastasis
(9, 23). Not only for this reason, but also for its above-
mentioned features, the role of ZYX in carcinogenesis is
getting much attention from researchers.

The Role of Zyxin in Carcinogenesis

The role of ZYX in oncogenesis is not clearly defined. The
research carried out in recent years has confirmed the
contribution of ZYX to the development of various cancer
types, including melanoma, ovarian, breast, glioma, lung, and
oral squamous cell carcinoma (6, 24-28). Recent observations
have revealed that ZYX can act as an oncoprotein or a tumour
suppressor, depending on the cancer type (16).

Breast cancer. Many studies have shown that ZYX can
promote breast carcinogenesis. Increased level of ZYX was
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detected in radiotherapy-resistant (RR) breast cancer cell
lines MCF-7RR and MDA-MB-231RR, in comparison to the
sensitive ones (29). However, the studies of Hodgkinson er
al. presented decreased ZYX expression in chemotherapy-
resistant breast tumours when compared to cancer cells that
are sensitive to chemotherapy (30). These results suggest,
that zyxin expression level may determine the sensitivity of
cancer cells to a particular kind of anticancer therapy and
may be helpful in predicting its effectiveness.

Ma et al. noticed that ZYX might act as an oncogene in
breast cancer cells. It was shown that ZYX-silenced MDA-
MB-231 cells were characterised by decreased migration.
Such cells injected into mice, formed tumours of smaller
mass than controls (25). Furthermore, based on the results of
immunohistochemical reactions (IHC) performed on breast
tumours resected from patients, a positive correlation
between zyxin level and cancer stage was demonstrated (25).

During further experiments explaining the mechanism of
ZYX interactions in cancer cells, Ma et al. observed that this
protein takes part in the regulation of Hippo signalling
pathway (25). Activation of Hippo signalling pathway leads
to cell growth and proliferation inhibition (31, 32). The
direct reason for this phenomenon is Yes-associated protein
(YAP) and Transcriptional co-activator with PDZ-binding
motif (TAZ) phosphorylation by Large Tumour Suppressor
1/2 (LATS 1/2) factor (31, 32). Such phosphorylation leads
to protein accumulation and degradation in the cytoplasm,
resulting in cell proliferation inhibition (31). The discussed
studies showed that under hypoxic conditions and after
TGFp stimulation, ZYX forms a complex with LATS2 and
Siah2 (E3 ubiquitin ligase, involved in LATS2 degradation),
which leads to Hippo pathway deactivation (25) and cell
proliferation. It is worth mentioning that YAP and TAZ
proteins have an impact on the activity of TEAD and SMAD
transcription factors, which are responsible, inter alia, for
cell survival and growth (31). The results of these studies
suggest that ZYX may play a role in the development and
progression of breast cancer.

The contribution of ZYX to the regulation of Hippo
signalling pathway is confirmed by Diepenbruck et al. (32).
Their studies showed that zyxin expression in breast cancer
cells is controlled by Tead2 (transcription factor), and more
specifically by Tead2-Taz complex (32). Tead2 over-
expression in murine breast cancer cells resulted in increased
cell invasion (32). Further analyses showed that cells
characterised by Tead2 over-expression but with Zyx
silencing, demonstrated significantly decreased invasion
(32). According to earlier studies, YAP and TAZ proteins
take part in the regulation of epithelial-mesenchymal
transition (EMT) (33-35). It can thus be suggested that ZYX,
together with these proteins, can also impact the EMT
process and thus, influence breast cancer cell invasion. The
study of Mori et al. seems to confirm this hypothesis, as they
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Figure 1. Exemplary functions of LIM domain proteins [based on (2)].

Figure 2. Cytoplasmic (A) and nuclear (B) localisation of zyxin in non-small cell lung cancer (property of the Department of Histology and

Embryology, Wroclaw Medical University).

Figure 3. Schematic structure of zyxin [based on (1, 17)].

showed the role of Zyx in migration of normal murine
mammary gland epithelial cells NMuMG (36). It was
observed that under TGFp treatment, significant increase in
zyxin expression and translocation to stress fibres appeared,
initiating the migration of the examined cells. It was also
noticeable that an increase in zyxin expression under TGFf}
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stimulation is controlled by Twistl (transcription factor) with
an established role in EMT (36).

Other studies carried out on BT-20 breast cancer cell line
presented that ZYX localisation in a cell can be probably
related to breast cancer development (37). Lim and SH3
domain protein (LASP-1) is responsible for ZYX cellular
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distribution and plays a role in ZYX localisation to focal
adhesions (37, 38). Studies performed on this cell line
revealed that LASP-1 silencing leads to changes in ZYX
localisation, inhibits proliferation, and decreases cell
migration (37).

Lung cancer. Some research focused on the effect of ZYX in
lung cancer pathogenesis suggests its suppressive role in
carcinogenesis. The study of Hodgkinson et al. revealed that
an increase in ZYX expression occurred after subjecting
AS549 lung cancer cell line to cyclooxygenase-2 (COX-2)
specific inhibitor (29). COX-2 is an enzyme that catalyses
the conversion of arachidonic acid to prostaglandins in
response to inflammation (39, 40). It was shown that
increased expression of COX-2 in non-small cell lung cancer
(NSCLC) plays a significant role in lung cancer development
through its effect on angiogenesis and immune response
suppression in tumour cells (40, 41). The literature data show
that carcinogenesis can be decelerated by the use of COX-2
inhibitors not only as single agents, but also in combined
therapy (40-42). Therefore, an increased level of ZYX in
response to the application of COX-2 inhibitor suggests the
ability of ZYX to inhibit oncogenesis.

Stimulation of A549 cells with TGFf, a commonly
recognized EMT inducer, resulted in increased ZYX
expression (28). It was demonstrated that ZYX expression is
dependent on SMAD?3 (28), the effector molecule activated
upon TGF[} treatment that takes part in gene expression
regulation (43, 44). Furthermore, upon TGFf stimulation,
ZYX-silenced A549 cells exhibit increased expression of the
integrin a5, i.e. a molecule responsible for cell adhesion and
migration (28). An increased velocity of ZY X-deficient cells
versus controls with unchanged ZYX expression was also
noticed (28). In addition, significantly decreased expression of
ZYX was detected in the K-rast4? lung cancer mouse model
(28). The above results suggest that ZYX might decelerate
cancer progression through inhibition of cell migration.

The studies of Cadinu er al. confirm the suppressive
function of ZYX in lung cancer development. Decreased
ZYX expression was noticed in HCC4017 cells (NSCLC) in
comparison to normal HBEC30KT cells (23). Also, lowered
expression of other cytoskeleton-organising proteins was
observed (23). Based on these results, a conclusion can be
drawn that a change in cytoskeletal protein expression
(including ZYX) may be cancer transformation-related.

Incubation of H1299 cells (NSCLC) with retinoic acid
(RA) resulted in ZYX translocation from the cytoplasm into
the nucleus (45). The use of retinoic acid in anticancer
therapy is a very promising approach (46). After translocation
into the nucleus, retinoic acid interacts with its receptor
Retinoic Acid Receptor (RAR) that forms a complex with
Retinoid X Receptor (RXR) (47). As a result, interaction with
co-activators and transcription initiation can occur (47). It
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was demonstrated that after translocation into the nucleus,
ZYX forms a complex with prostate tumour overexpressed |
domain [PTOV1 domain, present in MED25 protein (48)] and
CREB binding protein [CBP, transcription co-activator in RA
signalling pathway (49)] (45). It inhibits CBP from
interacting with RAR, thus resulting in a poor cytotoxic RA
effect (45). This study presents partially the potential
mechanism of the regulation of cellular response to ZYX.
Moreover, it was noticed that ZYX plasma concentration is
significantly increased in patients diagnosed with NSCLC in
comparison to healthy controls (50). Elevated ZYX levels
were already detected in early stages of NSCLC, thus
classifying it as a potential plasma marker of non-small cell
lung cancer (50). In another study, the distribution of ZYX in
serum and saliva exosomes was examined (51). Exosomes are
exocrine vesicles that transport proteins, nucleic acids or
lipids. It is believed that these vesicles take part in the
communication between cells (52, 53). The content of ZYX
in serum exosomes of patients with NSCLC was significantly
lowered when compared to healthy controls (51). However, at
present, the reasons for the observed discrepancies in ZYX
levels in plasma and exosomes are difficult to be explained.

Melanoma. Elevated levels of ZYX were observed in
melanoma cell lines (PM-WK, RPM-EP, RMP-MC, MM-AN)
in comparison to normal melanocytes (6). In addition to this,
melanoma cells showed shorter doubling time than normal
cells (6). The study was extended to the incubation of cells
with protein kinase C-activator — 12-O-tetradecanoylphorbol-
13-acetate (TPA) (6). Incubation of melanoma cells with TPA
resulted in cell proliferation inhibition and in a decrease in
ZYX expression (6). These results suggest that ZYX might
affect cell proliferation and therefore, takes part in cancer
progression (6).

This hypothesis was also confirmed by the study performed
on A375 melanoma cell line (54), where it was shown that
silencing Wilms® Tumour 1 (WTI, transcription factor)
resulted in proliferation inhibition and decreased expression
of ZYX and nestin (54). WT1 is a well-known regulator of
cell growth and proliferation (55). The effect of WT1 on ZYX
levels suggests that ZYX may participate in the regulation of
proliferation through interacting with other factors (54).
Similar observations were carried out by Michiels er al. (56)
who examined the effect of Peroxisome Proliferator-Activated
Receptor [} (PPAR[, transcription factor) on cancer cell
proliferation. They showed that PPARB activation leads to a
decrease in the expression of WT1, zyxin. and nestin, and to
inhibition of cancer cell proliferation (56).

Colorectal cancer. The role of ZYX in the development and
progression of colorectal cancer is still elusive, but existing
studies show that this protein is an unfavourable prognostic
factor.
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The study of Fukumoto er al. suggests that the formation
of immature focal adhesions may be one of the mechanisms
responsible for an increased invasion in DLD-1 colorectal
cancer cell line. The lack of FA maturation results from the
presence of alpha-actinin 4 inside these structures and the
disturbed ZYX localisation (57). Alpha-actinin
component of focal adhesions responsible for actin filament
crosslinking (57). Four isoforms of alpha-actinin have been
distinguished: 1, 2, 3, and 4 (57). The existing studies
demonstrated that alpha-actinin 4 is related to cancer
invasion (57). Disrupted binding of ZYX to alpha-actinin 4
was noticed, that may explain decreased stability of
adhesions between cells and the extracellular matrix, and
therefore increased cancer cell invasion (57). For
comparison, the interaction of ZYX with alpha-actinin 1
was not disrupted, so the mature focal adhesions could
appear (57).

Zhong et al. showed that ZYX expression was significantly
higher in colorectal cancer lesions in comparison to normal
tissues (58). The patients with tumours characterised by high
ZYX expression had a shorter recurrence-free survival (58).
In vitro experiments demonstrated that ZYX silencing in
HCTI116 colorectal cancer cell line caused decreased cell
migration and invasion (58).

Moreover, ZYX fragments were detected in the serum of
colorectal cancer patients. It suggests that zyxin can be a
potential marker of colorectal cancer (59).

is a

The Role of Zyxin in the Development
of Other Cancer Types

The potential participation of ZYX in carcinogenesis has also
been examined in other cancer types. The team of Wu er al.
revealed the regulation of ZYX expression by miRNA-16 in
Hep-2 laryngeal cancer cell line (60). The authors postulate
that lowering ZYX expression with miRNA-16 increases the
ability of Hep-2 cells to migrate (60). The function of
miRNA-16-1 and its influence on ZYX expression was also
examined in glioma (61). The levels of miRNA-16-1 in
U251 and U87 glioma cell lines were significantly lower
when compared to control brain tissue (61). It was observed
that transfection of the glioma cell line with miRNA-16-1
leads to lower ZYX mRNA levels, decreased cell migration
and invasion (61). The results of these experiments suggest
that ZYX can have an impact on cancer cell invasion and
therefore on the course of cancer.

The studies carried out on K562 chronic myeloid
leukaemia cell line showed that silencing of ZYX with the
use of specific sShRNA resulted in lower levels of Bcl-2 and
Bel-XL, which are classified as antiapoptotic proteins (62).
In addition, treatment of ZYX-silenced cells with Imatinib
(Gleevec, BCR-ABL kinase inhibitor) led to an increase in
apoptosis and to a decrease in cell growth in comparison to
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the control (62). These outcomes suggest that ZYX may
exhibit an antiapoptotic function and thus, may induce
cancer cell survival.

On the other hand, the suppressive role of zyxin was
noticed in Ewing sarcoma (63). In the case of this cancer,
Cerisano et al. demonstrated that ZYX takes part in CD99-
induced apoptosis (64). CD99 is a transmembrane protein,
and its stimulation leads to an activation of caspase-
independent apoptosis (64). Treatment of Ewing sarcoma
cells with anti-CD99 antibody (CD99 agonist) induced the
expression of ZYX at mRNA and protein levels (64). In the
following experiments, where ZYX was silenced with
antisense oligonucleotides, partial inhibition of CD99-
induced apoptosis was found (64).

It is also supposed that ZYX takes part in cervical cancer

development (65, 66). This hypothesis was proposed when
the interaction of ZYX with E6 protein of human papilloma
virus 6 (HPV6) was found (65). As it is commonly known,
HPYV is responsible, inter alia, for the genital warts and leads
to cancer development (16, 65). It was demonstrated that the
interaction of ZYX with a viral molecule causes its
translocation into the nucleus. As a result, ZYX can
influence transcription processes (65). These findings
suggest that ZYX might promote cervical cancer progression
through regulating expression of certain genes.
The contribution of ZYX to cervical cancer was also
shown when the impact of thymosin $4 on SiHa cancer
cell line was studied (66). Thymosin 34 is responsible for
actin depolymerisation and its significant role in processes
such as angiogenesis or metastasis was demonstrated (66).
Over-expression of thymosin 34 in SiHa cells turned out
to increase ZYX expression (66). Similar effect was
observed with cells incubated with exogenous thymosin 34
(66). Moreover, ZYX expression was noticed to increase
together with its translocation into the nucleus in the first
hours of incubation. Afterwards, the protein returns to the
cytoplasm (66). Based on these results, the authors suggest
that ZYX and thymosin (34 regulate the migratory
properties of cells by coordinating actin polymerisation
and depolymerisation, respectively (66). In addition, the
authors suppose that ZYX might function as a transport
molecule allowing thymosin (4 to translocate into the
nucleus (66). This could explain why ZYX transports into
the nucleus and, after some time, returns to the cytoplasm
and focal adhesions (66).

The oncogenic role of ZYX in hepatocellular carcinoma
has also been examined. Sy et al. showed that ZYX
expression is elevated in 33% of cancer cases, in comparison
to control tissues (67). In vitro experiments demonstrated
that ZYX silencing in Hep3B cancer cell line caused
decreased cell migration and invasion (67).

Other studies have presented that lowered ZYX expression
affects the level of the p53 protein and caspase activation
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(68). It was observed that UV radiation of ZYX-silenced
HepG2 hepatocellular cancer cell line caused lower
phosphorylation of pS53 protein (specifically, serine at
position 46) that resulted in inhibition of apoptosis and lack
of caspase activation (68). Furthermore, elevated levels of
ZYX fragments were detected in the sera of hepatocellular
cancer patients (69). It suggests that ZYX may also be a
potential marker of this cancer.

Summary

Based on the already published papers, the functions of ZYX
in a cell are not only restricted to its presence in focal
adhesions. As a result of translocation into the nucleus and
the regulation of expression of certain genes, zyxin can take
part in various cellular processes that occur in normal and
cancer cells. The results of the presented studies suggest that
ZYX may have a double effect on cancer progression, i.e.
may act as an oncogene or tumour suppressor, depending on
the cancer type. These discrepancies encourage researchers
to further evaluate the role of zyxin in carcinogenesis.
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Abstract: Background: The potential involvement of zyxin (ZYX) in carcinogenesis has been investi-
gated in many cancer types. However, there are a limited number of studies on the role of ZYX in the
progression of non-small cell lung cancer (NSCLC). Since lung cancer is one of the most frequently
diagnosed carcinomas, the aim of our study was to determine the localization and expression lev-
els of ZYX in NSCLC and to correlate the results with the clinicopathological data. Materials and
Methods: The expression of ZYX was assessed in NSCLC cases and in cell lines representing this
tumor type. Levels of ZYX were determined in the clinical material using immunohistochemistry
(THC) and Western Blot. Real-time PCR was used to assess ZYX mRNA levels. The expression of
ZYX was also checked in NSCLC cell lines using real-time PCR, Western Blot, and immunofluo-
rescence/immunocytochemistry. Results: The results showed lower levels of ZYX in NSCLC cells
compared with control tissues. This trend was observed at the protein and mRNA levels. The assays
on the NSCLC model also demonstrated lower levels of ZYX in cancer cells compared with control
cells. Conclusions: The decreased expression of ZYX in NSCLC may indicate a suppressor role of this
protein in NSCLC.

Keywords: zyxin; non-small cell lung cancer; tumor cells

1. Introduction

Lung cancer is one of the most commonly diagnosed malignancies worldwide [1]
with a high incidence and high mortality rates [1,2]. Therefore, it is one of the most
important therapeutic targets. Lung cancer is divided into two subtypes, i.e., non-small cell
lung carcinoma (NSCLC) and small cell lung carcinoma (SCLC) [2]. NSCLC accounts for
approximately 85% of all new cases of lung cancer [2,3]. NSCLC includes adenocarcinomas
(ACs), squamous cell carcinomas (SCCs), and large cell carcinomas (LCCs) [2], of which
ACs and SCCs are the most prevalent [3]. Risk factors for lung cancer include long-term
smoking, exposure to trace metals, asbestos, and genetic predispositions [3,4].

There is a growing need to search for factors that may be crucial in the development
of lung cancer. One of the factors under consideration is zyxin (ZYX), a LIM domain
protein commonly known as a component of focal adhesions and stress fibers [5]. ZYX is
involved in actin polymerization induced by mechanical stress in structures such as focal
adhesions and stress fibers [6], thus enabling remodeling and repair of stress fibers [5]. It
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has been shown that ZYX undergoes translocation from focal adhesions/cytoplasm to the
cell nucleus under the influence of various factors (e.g., mechanical forces, UV, epidermal
growth factor, retinoic acid) [7-10]. Therefore, its role in regulating gene expression has
also been postulated [7,10]. Studies have shown that ZYX can interact with many proteins,
such as transcription factor ZNF384 (involved in bone metabolism) [11], transcription factor
Hepatocyte Nuclear Factor-1p (HNF-14) [10], and Cell Cycle and Apoptosis Regulator
Protein-1 (CARP-1) [8]. Furthermore, ZYX may play a role in von Willebrand factor (vWF)
secretion, apoptosis, and epithelial-mesenchymal transition (EMT) [8,12,13].

Many studies have been conducted to determine the role of ZYX in oncogenesis.
Overexpression of ZYX has been demonstrated in breast, colorectal, and hepatocellular
carcinomas [14-16]. It has also been suggested that ZYX may act as a tumor suppressor
protein in prostate and bladder cancers [17]. Moreover, this protein is probably involved
in the progression of chronic myeloid leukemia and glioma [18,19]. However, there are
only a few studies on the involvement of ZYX in lung cancer progression. Cadinu et al.
demonstrated a lower expression of ZYX in the HCC4017 (NSCLC) cell line [20]. Mise et al.
described the role of ZYX in migration and adhesion of lung cancer cells [21]. The same
authors also presented decreased ZYX levels in a mouse model of lung cancer [21]. Other
studies aimed to verify ZYX levels in serum exosomes [22] and in plasma [23] of NSCLC
patients.

Considering the above, the aim of this study was to verify the location and intensity
of ZYX expression in NSCLC and to compare the results with the clinicopathological data.

2. Materials and Methods
2.1. Patients and Tissue Material

The tissue material was obtained during pulmonary parenchymal resection or lobec-
tomy in patients with NSCLC at the Department of Thoracic Surgery, Wroclaw Medical
University between 2007 and 2017. Written informed consent was obtained for the use
of clinical material for research. The clinicopathological characteristics of all patients are
shown in Table 1. Immunohistochemistry (IHC) reactions were performed on 399 formalin-
fixed and paraffin-embedded NSCLC sections (including 169 lung SCCs, 168 lung ACs,
and 31 lung LCCs) and 85 non-malignant lung tissue (NMLT) sections. The histological
grade (G) of NSCLC cases was determined according to the WHO criteria [24]. TNM
Classification of Malignant Tumors eighth edition was used to determine lung cancer
stage [25]. Twenty-three frozen NSCLC sections and the corresponding NMLT samples
were used for the Western Blot analysis. Real-time PCR was performed on 63 NSCLC
specimens and 58 NMLT cases previously fixed in RN Alater solution. Laser microdissection
was performed on frozen material including 10 NSCLC sections (5 SCCs and 5 ACs) and
6 NMLTs. The experiments were performed after obtaining the approval of the Bioethics
Committee at the Wroclaw Medical University (consent no. KB-483/2018, 6 September
2018 and KB-504 /2018, 11 September 2018).

Table 1. Clinicopathological characteristics of patients with non-small cell lung cancer (NSCLC).

NSCLC SCC AC LCC
Clinical Feature
n=399 % n =169 % n =168 % n=31 %

Age
<62 212 53.13% <64 89 52.66% <61 90 53.57% <62 16 51.61%
>62 187 46.87% >64 80 47.34% >61 78 46.43% >62 15 48.39%
Sex

Female 116 29.07% 32 18.93% 65 38.69% 6 19.35%
Male 283 70.93% 137 81.07% 103 61.31% 25 80.65%
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Table 1. Cont.

NSCLC SCC AC LCC
Clinical Feature
n =399 % n =169 % n=168 Yo n=31 %
Histological grade
Gl 24 6.02% 4 2.37% 19 11.31% 1 3.23%
G2 293 73.43% 143 84.62% 109 64.88% 24 77.42%
G3 66 16.54% 22 13.02% 38 22.62% 6 19.35%
No data 16 4.01% 0 0.00% 2 1.19% 0 0.00%
Tumor size
T1 88 22.06% 39 23.08% 33 19.64% 8 25.81%
T2 186 46.62% 76 44.97% 86 51.19% 13 41.94%
T3 79 19.80% 37 21.89% 31 18.45% 6 19.35%
T4 46 11.53% 17 10.06% 18 10.71% 4 12.90%
Lymph
node metastases
NO 260 65.16% 110 65.09% 108 64.29% 19 61.29%
N1 70 17.54% 40 23.67% 22 13.10% 4 12.90%
N2 69 17.29% 19 11.24% 38 22.62% 8 25.81%
Distant metastases
MO 395 99.00% 169 100.00% 165 98.21% 30 96.77%
M1 4 1.00% 0 0.00% 3 1.79% 1 3.23%
Clinical stage
I 145 36.34% 64 37.87% 62 36.90% 7 22.58%
il 130 32.58% 64 37.87% 46 27.38% 12 38.71%
111 120 30.08% 41 24.26% 57 33.93% 11 35.48%
v 4 1.00% 0 0.00% 3 1.79% 1 3.23%
Smoking
Smokers 336 84.21% 157 92.90% 128 76.19% 29 93.55%
Non-smokers 63 15.79% 12 7.10% 40 23.81% 2 6.45%
Living in urban
areas
Yes 31 7.77% 16 9.47% 10 5.95% 1 3.23%
No 368 92.23% 153 90.53% 158 94.05% 30 96.77%
Death
Yes 244 61.15% 92 54.44% 108 64.29% 24 77.42%
No 147 36.84% 74 43.79% 59 35.12% 6 19.35%
No data 8 2.01% 3 1.78% 1 0.60% 1 3.23%

2.2. Preparation of Tissue Microarrays (TMAs)

Lung cancer tissue microarrays were prepared from archival formalin-fixed and
paraffin-embedded NSCLC and NMLT tissues. Hematoxylin and eosin-stained sections
were used to select representative tissue sites using a Pannoramic Midi Il Histology scanner
(3D Histech, Budapest, Hungary) and the Pannoramic Viewer software version 1.15.4
(3D Histech, Budapest, Hungary). Next, the selected representative cores of 1.5 mm di-
ameter were transferred from the donor block to the target block using the TMA Grand
Master instrument (3DHistech, Budapest, Hungary). These TMAs were used for further
immunohistochemical reactions.

2.3. Immunohistochemistry (IHC)

IHC reactions were performed on 4 pm thick TMA sections placed on Superfrost Plus
slides (Menzel Glaser, Braunschweig, Germany). The reactions were performed using
the EnVision Flex System (Dako, Glostrup, Denmark). Deparaffinization, rehydration,
and antigen retrieval (97 °C, 20 min) were performed in low-pH EnVision FLEX Target
Antigen Retrieval Solution (pH = 6) using the PT Link (Dako, Glostrup, Denmark). Dako
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Autostainer Link48 was used for performing IHC reactions (Dako, Glostrup, Denmark).
Endogenous peroxidase activity was blocked by a 5 min incubation with EnVision FLEX
Peroxidase-Blocking Reagent (Dako, Glostrup, Denmark). The sections were incubated for
20 min with anti-ZYX monoclonal antibody (1:50, 2D1 clone, catalogue no. sc-293448, Santa
Cruz Biotechnology, Dallas, TX, USA) followed by EnVision FLEX + MOUSE LINKER for
15 min. Next, the sections were incubated for 20 min with EnVision FLEX/HRP secondary
antibody (Dako, Glostrup, Denmark). DAB+ Chromogen (Dako, Glostrup, Denmark) was
used to visualize the reaction. Hematoxylin was used to visualize cell nuclei according to
the manufacturer’s instructions (Dako, Glostrup, Denmark).

2.4. Assessment of IHC Reactions

IHC reactions were assessed using an Olympus BX41 microscope (Olympus Corpora-
tion, Tokyo, Japan). The Remmele and Stegner scoring system (Immunoreactive score—IRS)
was used to evaluate the cytoplasmic reaction in cancer cells [26]. This scale is related to
reaction intensity (0 points—no reaction; 1 point—weak reaction; 2 points—moderate inten-
sity; 3 points—intense reaction) and the percentage of positive cells (0 points—no positive
cells, 1 point—=<10% of positive cells; 2 points—11-50% positive cells; 3 points—51-80%
of positive cells; 4 points—>80% of positive cells) [26]. The value of the multiplied com-
ponents represents the number of points, ranging from 0 to 12. The nuclear reaction was
assessed using the scale given in Table 2. The scale includes the percentage of tumor cells
in which the nuclear reaction occurred [27].

Table 2. Scoring system for nuclear reaction intensity (modified according to [27]).

Points Percentage of Cells with Positive Nuclear Reaction
0 0%
1 <10%
2 11-25%
3 26-50%
4 >50%

2.5. Cell Lines

Two human NSCLC cell lines, i.e., NCI-H1703 (lung SCC) and NCI-H522 (lung AC)
were used (ATCC, Manassas, VA, USA). The IMR-90 normal human lung fibroblast cell
line (ATCC, Manassas, VA, USA) was used as the control. NCI-H1703 and NCI-H522 cell
lines were cultured in RPMI-1640 medium (Gibco, Grand Island, New York, NY, USA)
enriched with 10% FBS (Sigma-Aldrich, St. Louis, MO, USA), 2 mM L-glutamine and
antibiotics (Gibco, Grand Island, New York, NY, USA). EMEM medium (Lonza, Basel,
Switzerland) supplemented with 10% FBS (Sigma-Aldrich, St. Louis, MO, USA), IXNEAA
(Sigma-Aldrich, St. Louis, MO, USA), sodium pyruvate (Sigma-Aldrich, St. Louis, MO,
USA), and 2 mM L-glutamine and antibiotics (Sigma-Aldrich, St. Louis, MO, USA) was
used to grow IMR-90 cells. Cells were grown in an incubator at 37 °C with 5% CO;.

2.6. Immunocytochemistry (ICC)

After 24 h growth, cells were fixed in 4% formaldehyde for 12 min at room temperature
(RT) and permeabilized in 0.2% Triton X-100 in PBS for 10 min. The slides were incubated
for 5 min with EnVision FLEX Peroxidase-Blocking Reagent (Dako, Glostrup, Denmark).
After an hour incubation with anti-ZYX antibody (1:100, 2D1 clone, catalogue no. sc-293448,
Santa Cruz Biotechnology, Dallas, TX, USA), the slides were incubated with EnVision
FLEX/HRP secondary antibody. DAB+ Chromogen was used for reaction visualization
(Dako, Glostrup, Denmark). Hematoxylin was used to stain cell nuclei according to the
manufacturer’s instructions (Dako, Glostrup, Denmark).
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2.7. Immunofluorescence (IF)

Cells were seeded into 8-well Millicell EZ slides (Merck Millipore, Kenilworth, NJ,
USA). These cells were left to grow for 24 h and fixed with 4% formaldehyde for 12 min
at RT. Permeabilization was performed with 0.2% Triton X-100 in PBS for 10 min. After
blocking with 3% BSA in PBST for 45 min, cells were incubated with anti-ZYX antibody
(1:100, 2D1 clone, catalogue no. sc-293448, Santa Cruz Biotechnology, Dallas, USA) for 1 h
at RT. A secondary anti-mouse antibody conjugated to Alexa-Fluor 488 (1:1000, catalogue
no. ab15013, Abcam, Cambridge, UK) was added for 1 h at RT. This was followed by
incubation with DAPI (Thermo Fisher Scientific, Waltham, MA, USA) to stain cell nuclei.
After washing, the cells were embedded in ProLong Diamond Antifade Reagent (Life
Technologies, Carlsbad, CA, USA). Detection and assessment of ZYX expression levels
were performed using an Olympus FV3000 confocal microscope (Olympus Corporation,
Tokyo, Japan) and CellSense software version 3.2 (Olympus Corporation, Tokyo, Japan).

2.8. Western Blot

To isolate proteins from the tissue material, lysis was performed in T-PER Tissue
Protein Extraction Reagent, Halt Protease Inhibitor Cocktail (catalogue no. 78510 and
78430, respectively, Thermo Fisher Scientific, Waltham, MA, USA) and 0.66 mM PMSF
using TissueLyser LT (Qiagen, Hilden, Germany). The samples were incubated for 30 min
at 4 °C and centrifuged (12,000 g, 15 min, 4 °C) to collect the supernatant. The cells
were lysed using the RIPA buffer (50 mM Tris-HCI pH 8.0, 150 mM NaCl, 0.1% SDS, 1%
Igepal CA-630, 0.5% sodium deoxycholate) supplemented with 0.5 mM PMSF and the Halt
Protease Inhibitor Cocktail (catalogue no. 78430, Thermo Fisher Scientific, Waltham, USA).
After 20-min incubation on ice, the samples were centrifuged (12,000 x g, 10 min, 4 °C) to
collect the supernatant. Protein concentration was measured using the Pierce BCA Protein
Assay Kit (catalogue no. 23227, Thermo Fisher Scientific, Waltham, MA, USA). Identical
amounts of protein (30 ug per lane) were resuspended in 4 x loading buffer (250 mM Tris
pH = 6.8, 40% glycerol, 20% (v/v) B-mercaptoethanol, 0.33 mg/mL bromophenol blue,
8% SDS), denatured for 10 min at 96 °C, and subjected to SDS-PAGE. The proteins were
transferred to a PVDF membrane (Immobilon-P; catalogue no. IPVH00005, Merck Millipore,
Kenilworth, NJ, USA). The membrane was blocked with 5% skimmed milk (catalogue no.
170-6404, Bio-Rad, Marnes-la-Coquette, France) in 0.1% TBST for 1 h at RT. The membrane
was incubated overnight at 4 °C with anti-ZYX antibody (1:200, 2D1 clone, catalogue no.
s-293448, Santa Cruz Biotechnology, Dallas, TX, USA) diluted in 1% milk in 0.1% TBST. The
membrane was washed three times and incubated with the HRP-conjugated anti-mouse
secondary antibody (AffiniPure Donkey Anti-Mouse IgG (H + L), catalogue no. 715-035-150,
Jackson ImmunoResearch, Ely, Cambridgeshire, UK) at a dilution of 1:3000 for 1 h at RT.

After washing, detection was performed with the Immobilon Classico Western HRP
Substrate (catalogue no. WBLUC0500, Merck Millipore, Kenilworth, NJ, USA). Densit-
ometric measurements were performed and analyzed using the ChemiDoc MP System
instrument and Image Lab Software version 5.0 (Bio-Rad, Marnes-la-Coquette, France).
[B-actin was used as the reference protein.

2.9. RNA Isolation, Reverse Transcription-Quantitative Polymerase Chain Reaction (RT-gPCR)

Total RNA from NSCLC, NMLT, and cell line sections was isolated using the RNeasy
Mini Kit (catalogue no. 74104, Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. To remove genomic DNA, the samples were digested using the RNase-
Free DNase Set (catalogue no. 79254, Qiagen, Hilden, Germany). Reverse transcription
was performed using the High-Capacity cDNA Reverse Transcription kit with the RNase
inhibitor (catalogue no. 4374966, Applied Biosystems, Foster City, CA, USA) according
to the manufacturer’s instructions. The gPCR was performed using the 7500 Real-Time
PCR System instrument and 7500 software v2.0.6 (Applied Biosystems, Foster City, CA,
USA). The following Tagman probe and primer sets were used in the reactions: ZYX
(Hs00170299_m1, Applied Biosystems, Foster City, CA, USA) and ACTB (Hs99999903_m1,
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Applied Biosystems, Foster City, CA, USA). Real-time PCR reaction conditions were as
follows: polymerase activation at 50 °C for 2 min, initial denaturation at 95 °C for 10 min,
denaturation at 95 °C for 15 sec, annealing and extension at 60 °C for 1 min for 45 cycles. B-
actin (ACTB) was used as the reference gene. Changes in gene expression were determined
using the AACt method [28]. Reactions were performed in triplicate.

2.10. Laser Capture Microdissection (LCM) and Reverse Transcription-Quantitative Polymerase
Chain Reaction (RT-qPCR)

Laser capture microdissection (LCM) was performed on NSCLC (SCC and AC) and
NMLT specimens. Tumor cells and non-malignant lung cell (NMLC) samples were har-
vested separately to compare ZYX mRNA expression. A Leica CM1950 cryostat (Leica
Microsystems, Wetzlar, Germany) was used to slice 10 um-thick frozen tissue sections
that were placed on a polyethylene-terephthalate membrane (catalogue no. 50102, MMI,
Glattbrugg, Switzerland). LCM was performed using the MMI CellCut Plus System (MMI,
Glattbrugg, Switzerland). RNeasy Micro Kit (catalogue no. 74004, Qiagen, Hilden, Ger-
many) was used to isolate total RNA. The synthesis of cDNA was performed using the
QuantiTect Reverse Transcription Kit (catalogue no. 205311, Qiagen, Hilden, Germany).
Real-time PCR reactions were performed as described in the section RNA isolation, reverse
transcription—quantitative polymerase chain reaction (RT-gPCR).

2.11. Statistical Analysis

The results were statistically analyzed using Prism 5.0 (GraphPad, San Diego, CA,
USA) and Statistica 13.1 (StatSoft, Krakow, Poland) software. ANOVA with post-hoc
Bonferroni’s multiple comparisons test were used to compare ZYX expression in cell lines.
The analysis of the results obtained from LCM sections was performed by unpaired t test.
Mann-Whitney test or Kruskal-Wallis test with Dunn’s post-hoc multiple comparisons test
was used to compare ZYX expression in the groups without Gaussian distribution. The
paired t-test or unpaired t-test was used to perform statistical analysis of ZYX protein levels
in the tissue material as determined by the Western Blot analysis. The survival analysis
was performed using the Kaplan—Meier method and the Mantel-Cox test. Univariate and
multivariate analyses were performed with the Cox proportional hazards model. The
survival analysis was performed only in cases with the complete clinicopathological data.
The results were considered statistically significant at p < 0.05.

3. Results
3.1. Expression of Zyxin in NSCLC Cell Lines and Normal Lung Fibroblasts

Using ICC and IF, ZYX was detected in the following cell lines: NCI-H1703 (SCC),
NCI-H522 (AC), and IMR-90 (normal lung fibroblasts) (Figures 1 and 2). Cytoplasmic and
nuclear localization of this protein was observed in all cell lines. Western Blot analysis
showed lower levels of ZYX protein in NCI-H1703 and NCI-H522 cell lines compared with
control IMR-90 (Figure 3A,B). ZYX mRNA expression in NCI-H522 cells was also lower
compared with IMR-90 cells (*** p < 0.001), while NCI-H1703 cells showed higher ZYX
mRNA expression compared with control cells (* p < 0.05) (Figure 3C). In addition, ZYX
expression at mRNA and protein levels was significantly higher in the NCI-H1703 SCC cell
line compared with the NCI-H522 AC cell line (*** p < 0.001 and * p < 0.05; respectively)
(Figure 3B,C). Fluorescence intensity measurements showed decreased levels of ZYX in
NSCLC cell lines compared with the control line (IMR-90) (Figure 3D).
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Figure 1. Immunocytochemical (ICC) reactions demonstrating the cytoplasmic localization of ZYX
(brown) in the IMR-90 normal lung fibroblast cell line (A), NCI-H1703 lung squamous cell carcinoma
(SCC) cell line (B), and NCI-H522 lung adenocarcinoma (AC) cell line (C). Nuclei were counterstained
with hematoxylin (blue). Magnification x400.
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Figure 2. Inmunofluorescence (IF) images taken by confocal microscopy showing ZYX expression
(green) in the IMR-90 normal lung fibroblast cell line (A), NCI-H1703 lung SCC (B) and NCI-H522
lung AC (C). Nuclei were counterstained with DAPI (blue). Magnification x600.
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Figure 3. Expression of ZYX in the IMR-90 normal lung fibroblast cell line and in NSCLC cell lines:
NCI-H1703 (lung squamous cell carcinoma) and NCI-H522 (lung adenocarcinoma). Western Blot (A)
and densitometric analysis (B) of ZYX protein levels. ZYX mRNA expression in the cell lines (C). ZYX
expression levels determined by measuring fluorescence intensity in the cell lines (D). Bonferroni
multiple comparisons test (*** p < 0.001; ** p < 0.01; * p < 0.05).
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3.2. ZYX Expression in Patients with NSCLC

IHC reactions showed the presence of ZYX in the cytoplasm, cell membrane, and
in the cell nucleus of tumor cells and NMLT cells. A positive reaction was also found in
macrophages in the lung tissue (Figure 4). The representative images of ZYX expression in
different lung AC subtypes were also included (Figure S1). The intensity of ZYX expression
which was less than or equal to the median in NSCLC cells (IRS < 0.33; nuclear score < 0.5)
was defined as “low expression”, while the value of ZYX expression above the median was
defined as “high expression”. Cytoplasmic expression of ZYX in tumor cells was found
in 207 (51.88%) NSCLC cases. The mean value of cytoplasmic ZYX expression in NSCLC
cells was 1.354 4 1.616 (mean = SD). There were 201 (50.38%) cases with low cytoplasmic
expression of ZYX in NSCLC cells, and 198 (49.62%) cases with high cytoplasmic expression
of ZYX. Nuclear expression of ZYX in NSCLC cells was found in 282 (70.68%) cases. The
mean value of nuclear expression of ZYX in NSCLC cells was 0.5242 + 0.4662 (mean =+ SD).
Low expression of nuclear ZYX in NSCLC cells was present in 236 cases, while high
expression was noted in 163 cases.

Figure 4. Immunohistochemical (THC) reactions detecting ZYX protein (brown) performed on
non-malignant lung tissue (NMLT) (A), lung squamous cell carcinoma (SCC) (B), and lung adenocar-
cinoma (AC) (C). Arrows in (B) indicate cytoplasmic/membranous localization of ZYX, while arrows
in (C) show nuclear one. Magnification x200.

Statistical analysis of IHC reactions results showed significantly lower levels of cyto-
plasmic ZYX in NSCLC cells compared with control tissue (NMLT) (p < 0.0001). However,
nuclear ZYX levels were increased in tumor cells compared with control tissue (p < 0.0001).
These findings were observed not only when the total NSCLC group was analyzed, but
also when the SCC and AC subtypes were selected (Figure 5).

The analysis using Western Blot showed significantly reduced expression of ZYX
in NSCLC compared with NMLT samples (p = 0.0021). Compared with control tissue,
reduced levels of ZYX were also found in lung SCCs (p = 0.0075) (Figure 6A,B). Lower
levels of ZYX were detected in lung ACs compared with control tissue. However, no
statistical significance was reported (p = 0.1254) (Figure 6C). ZYX mRNA levels were
significantly decreased in NSCLC and in lung ACs compared to non-malignant lung tissue
(p = 0.0005; p = 0.0001; respectively) (Figure 7A,C). Real-time PCR performed on laser
capture microdissected sections showed lower ZYX mRNA expression in tumor cells of the
whole NSCLC group (p < 0.0001), of the SCC subtype (p < 0.0001), and of the AC subtype
(p < 0.0001) compared with non-malignant lung cells (NMLC) (Figure 7D-F).
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Figure 5. Immunohistochemical (IHC) analysis of ZYX expression in NSCLC cells and in NMLT cells.
The graphs showing the intensity of cytoplasmic (IRS) and nuclear (nuclear score) expression of ZYX
for the whole NSCLC group (A,D, respectively), levels of cytoplasmic and nuclear ZYX in lung SCCs
(B,E, respectively), levels of cytoplasmic and nuclear ZYX in lung ACs (C,F, respectively) compared
with NMLT. Mann-Whitney test (*** p < 0.001).
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Figure 6. Expression of zyxin in NSCLC (A), in the SCC subtype (B), and in the AC subtype (C)
compared with control tissue; Western Blot. Paired t-test (** p < 0.01).
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Figure 7. ZYX mRNA levels in NSCLC (A), lung SCCs (B), and lung ACs (C) compared with control
tissue as determined by real-time PCR. Mann-Whitney test (*** p < 0.001). ZYX mRNA levels were
determined by real-time PCR reactions performed on isolated NSCLC cells (D), lung SCC cells (E),
lung AC cells (F), and non-malignant lung cells (NMLCs). Cell isolation was performed by laser
capture microdissection (LCM). Unpaired t test (*** p < 0.001).
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IHC reactions showed higher cytoplasmic and nuclear levels of zyxin in SCC cells than
in AC cells (Figure 8A,B). However, statistical significance was observed only in the case of
nuclear localization (p = 0.0292). Real-time PCR showed higher ZYX mRNA levels in the
SCC subtype than in the AC subtype (Figure 8D). However, statistical significance was not
observed (p = 0.2604). Statistical significance was not found when cancer cell isolation was
performed using LCM (p = 0.5758) (Figure 8E). Western Blot results showed no significant
differences in ZYX levels between lung SCCs and lung ACs (p = 1.000) (Figure 8C). IHC
analysis demonstrated no difference in cytoplasmic ZYX expression between lung SCCs
and lung LCCs (p = 0.6746) (Figure 8F). Interestingly, higher nuclear ZYX level was detected
in SCC than in LCC cells (p = 0.0404) (Figure 8G). Higher cytoplasmic ZYX expression
in LCC than in AC cells was shown however statistical significance was not observed
(p = 0.9551) (Figure 8H). Nuclear ZYX level was higher in AC cells than in LCC cells but no
statistical difference was noticed (p = 0.5319) (Figure 8I).
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Figure 8. Comparison of zyxin expression in lung SCCs and lung ACs using the following methods:
immunohistochemistry (A,B); Western Blot (C); real-time PCR (D); and real-time PCR performed
on tumor cells isolated using laser capture microdissection (LCM) (E). Mann-Whitney test (IHC,
RT-qPCR) and unpaired t-test (Western Blot, LCM real-time PCR) (* p < 0.05). Comparison of
zyxin expression in lung LCCs and other NSCLC subtypes (SCC, AC) with the use of IHC (F-I).
Mann-Whitney test (* p < 0.05).

The levels of both cytoplasmic and nuclear ZYX in NSCLC, SCC, and AC cells were not
significantly different according to the histological grade (G) (Figure 9). Further analyses
showed that the levels of cytoplasmic ZYX in NSCLC cells decreased with increasing tumor
size (pT) (Figure 10A). The same relationships were observed when tumor size (pT) was
compared with the levels of cytoplasmic ZYX in lung SCC and lung AC cells (Figure 10B,C).
Significantly lower levels of cytoplasmic ZYX in NSCLC and SCC cells were demonstrated
for T3-4 compared with T1 (* p < 0.05, for both). The levels of nuclear expression of ZYX in
NSCLC, SCC, and AC cells showed no relationships (Figure 10D-F). The analysis of the
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relationship between the intensity of ZYX expression and the clinical stage showed that the
levels of cytoplasmic ZYX in NSCLC cells decreased with the increasing stage (Figure 11A).
The same relationship was also present for cytoplasmic ZYX in SCC cells. Significantly
lower levels of cytoplasmic ZYX in NSCLC and SCC cells were demonstrated in Stage
III-IV compared with Stage I (* p < 0.05, for both) (Figure 11A,B). The levels of cytoplasmic
7YX in AC cells showed no relationship with the clinical stage. For nuclear ZYX expression,
no correlation was shown between the clinical stage and its levels in NSCLC, SCC, and AC

cells (Figure 11D-F).
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Figure 9. Inmunohistochemistry (IRS, nuclear score) of ZYX expression in NSCLC cells in relation to
the histological grade. The analysis for NSCLC (A,D), lung SCC (B,E), and lung AC (C,F). Dunn’s

multiple comparisons test.
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Figure 10. Immunohistochemistry (IRS, nuclear score) of ZYX expression in NSCLC cells in relation
to tumor size (pT). Results for NSCLC (A,D), SCC (B,E), and AC (C,F) subtypes. Dunn’s multiple
comparisons test (* p < 0.05).
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Figure 11. Inmunohistochemistry (IRS, nuclear score) of ZYX expression at different clinical stages
of cancer. The analysis for the whole NSCLC group (A,D), SCC (B,E), and AC (C,F) subtypes. Dunn’s
multiple comparisons test (* p < 0.05).

3.3. Survival Analysis

Based on IHC, Mantel-Cox tests showed that higher levels of cytoplasmic ZYX in
tumor cells were associated with longer overall survival (OS). However, no statistical
significance was observed (Figure 12A-D). In terms of nuclear localization, patients with
higher ZYX levels had shorter OS except for SCC patients. However, the results were not
statistically significant (Figure 12E-H).

B c D
SCC/cytoplasmic AC/cytoplasmic LCC/cytoplasmic
: 24 - ~s0 So
; -1 3 - >0
4 § 100
! I
s - - - - ll. 1000 2000 3000 “on
e oy
F G H
SCC/nuclear AC/nuclear LCC/nuclear
k - <05 - -~ 208 " - 505
“ 505 1 ~ 508 3 “ >05
§ 7 2 foo
Ie
l : — J+3
° 0o N0 000 400 ° - Em e - " 1000 2000 3000 4000
days days days

Figure 12. Survival analyses of NSCLC patients in relation to cytoplasmic/nuclear ZYX expression
in the cells of NSCLC (A,E, respectively), SCC (B,F, respectively), AC (C,G, respectively), and LCC
subtypes (D,H, respectively). The cut-off point was established in relation to the median value.

Analyses of different ZYX expression groups (low /high level) in relation to survivals
of patients demonstrated that overall survivals of NSCLC (in total), SCC, and AC patients
were similar in each group (Figure 13A-D). The differences were observed in the case of
LCC patients who had shorter OS in comparison with NSCLC, SCC, and AC patients.
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Figure 13. Different cytoplasmic (A,B) and nuclear (C,D) ZYX expression statuses in relation to
survival of NSCLC (total), SCC, AC, and LCC patients. The cut-off points were set on median values
of ZYX expression in NSCLC, SCC, AC, and LCC (IHC).

Univariate analysis showed that OS of NSCLC patients was associated with the
clinicopathological factors such as age over 62 years, male sex, higher histological grade (G),
larger tumor size (pT), presence of lymph node metastases (pN), and higher clinical tumor
stage (Table 3). It was shown that cytoplasmic and nuclear expression of ZYX in NSCLC
could not be considered a factor affecting patient survival. For patients with SCC, higher
clinical stage, higher histological grade (G) and higher pT affected OS. ZYX expression
in SCC did not affect OS (Table 3). Univariate survival analysis of AC patients showed
that the male sex, living in urban areas, higher clinical stage, higher pT and the presence
of lymph node metastases (pN) were negative factors for survival. Cytoplasmic/nuclear
expression of ZYX in AC was not a factor affecting OS (Table 3).

Multivariate survival analysis was performed for all factors that were statistically
significantly associated with OS in univariate analyses. Age over 62 years, male sex, higher
histological grade (G), tumor size (pT), and higher clinical stage were shown as indepen-
dent prognostic factors for patients with NSCLC (Table 3). Multivariate survival analysis
for patients with SCC showed that histological grade (G) and pT had an independent prog-
nostic effect on survival (Table 3). In turn, multivariate survival analysis for AC patients
showed that the male sex, living in urban areas, higher pT, and the presence of lymph node
metastases (pN) were independent prognostic factors (Table 3).
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Table 3. Survival analysis of patients with NSCLC (A), SCC (B), and AC (C). The analyses were
performed using Cox proportional hazards model.

A
Overall Survival
NSCLC
Univariate Multivariate
- Confidence Confidence

Clinical Feature p Value HR Interval 95% (HR) p Value HR Interval 95% (HR)
Age
<62 vs. >62 0.005911 1.459308 1.114989-1.909957 0.001879 1.540898 1.173239-2.023770
Sex
Female vs. male 0.000262 1.820726 1.319828-2.511725 0.000222 1.845819 1.333147-2.555644
Smoking
No vs. Yes 0.164272 1.325817 0.891007-1.972812
Living in
urban areas
No vs. Yes 0.053255 1.575759 0.993642-2.498906
Clinical stage
-1 vs. III-IV 0.000000 2.351361 1.782315-3.102088 0.009199 1.702469 1.140750-2.540783
Histological grade
G1-G2 vs. G3 0.035460 1.441683 1.025203-2.027353 0.011715 1.564191 1.104626-2.214952
pT
pT1-pT2 vs.
pT3-pT4 0.000000 2.161526 1.639607-2.849582 0.008051 1.559392 1.122639-2.166059
pN
NO vs. N1-N2 0.000564 1.621062 1.231833-2.133276 0.163298 1.285130 0.903181-1.828603
po3
<25 vs. >25% 0.097096 0.796109 0.608116-1.042217
TTE-1
<25 vs. >25% 0.936561 0.989066 0.754490-1.296575
Ki-67
<25 vs. >25% 0.968136 0.994309 0.751467-1.315628
Cytoplasmic
zyxin levels
in cancer cells
High vs. Low 0.506478 1.095422 0.837153-1.433368
Nuclear
zyxin levels
in cancer cells
Low vs. High 0.649726 1.064851 0.811928-1.396562
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B
Overall Survival
SCC
Univariate Multivariate
- Confidence Confidence
Clinical Feature p Value HR Interval 95% (HR) p Value HR Interval 95% (HR)
Age
<64 vs. >64 0.083694 1.456415 0.951168-2.230043
Sex
Female vs. male 0.121189 1.595476 0.883699-2.880554
Smoking
No vs. Yes 0.748266 1.159491 0.469650-2.862597
Living in
urban areas
No vs. Yes 0.502217 1.266994 0.634712-2.529139
Clinical stage
I-11 vs. -1V 0.001125 2.128965 1.351164-3.354511 0.247973 1.390731 0.794747-2.433645
Histological grade
G1-G2vs. G3 0.000091 2.997641 1.729638-5.195220 0.002834 2.414826 1.353633-4.307953
pT
pT1-pT2vs.
pT3-pT4 0.000534 2.148663 1.393743-3.312486 0.049517 1.682302 1.001099-2.827031
pN
NO vs. N1-N2 0.908460 1.026365 0.658646-1.599380
p63
<25 vs. >25% 0.365148 0.767183 0.432303-1.361474
TTF-1
<25 vs. >25% 0.546339 1.199180 0.664646-2.163608
Ki-67
<25vs, >25% 0.836690 0.956480 0.626516-1.460224
Cytoplasmic
zyxin levels
in cancer cells
High vs. Low 0.603775 1.119886 0.730239-1.717444
Nuclear
zyxin levels
in cancer cells
Low vs. High 0.823766 0.953000 0.623872-1.455763
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Table 3. Cont.

C
Overall Survival
AC
Univariate Multivariate
- Confidence Confidence
Clinical Feature p Value HR Interval 95% (HR) p Value HR Interval 95% (HR)
Age
<61 vs. >61 0.439639 1.170082 0.785611-1.742711
Sex
Female vs. male 0.000411 2.195089 1.419128-3.395335 0.000119 2.371420 1.527428-3.681766
Smoking
No vs. Yes 0.331944 1.270446 0.783337-2.060456
Living in
urban areas
No vs. Yes 0.029915 2.244604 1.081842-4.657101 0.029913 2.314151 1.085072-4.935430
Clinical stage
I-11 vs. -1V 0.000000 2.922240 1.945881-4.388492 0.364952 1.311295 0.729573-2.356852
Histological grade
G1-G2 vs. G3 0.880118 1.037945 0.639707-1.684099
pT
pT1-pT2vs.
pT3-pT4 0.000001 2.846085 1.873553-4.323444 0.002122 2.191669 1.328609-3.615369
pN
NO vs. N1-N2 0.000000 2.883628 1.922023-4.326332 0.001392 2.317220 1.384130-3.879337
p63
<25 vs. >25% 0.907950 1.032147 0.603679-1.764726
TTE-1
<25 vs. >25% 0.133316 0.720412 0.469498-1.105423
Ki-67
<25vs, >25% 0.894629 1.033806 0.632080-1.690855
Cytoplasmic

zyxin levels
in cancer cells
High vs. Low 0.758237 1.064633 0.714493-1.586360

Nuclear

zyxin levels

in cancer cells

Low vs. High 0.246701 1.271330 0.846950-1.908353

4. Discussion

Few and controversial papers related to the role of ZYX in NSCLC prompted us to
investigate this issue. Moreover, to the best of our knowledge, these studies are among
the few in which the assessment of ZYX expression was performed in NSCLC cases using
clinical specimens.

There are many reports demonstrating that ZYX may function not only as an oncogenic
protein but also as a suppressor protein in the process of carcinogenesis [17,29]. Increased
levels of ZYX have been demonstrated in breast and colorectal cancers [14,15], while a
suppressor role of this protein has been found in prostate and bladder cancers [17,30,31]. In
NSCLC, ZYX probably functions as a suppressor protein, as demonstrated by our results.
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By using Western Blot and real-time PCR, we demonstrated that the total level of
ZYX in NSCLC cases was significantly decreased compared with normal lung tissue. RT-
qPCR results obtained using laser microdissected sections confirmed lower ZYX mRNA
expression in tumor cells compared with normal cells. IHC reactions also showed lower
cytoplasmic ZYX expression in cancer cells compared with normal cells. The decreased
levels of ZYX in cancer cells were also demonstrated by studies using an in vitro model of
NSCLC cell lines. Our results are consistent with the reports of Mise et al., who demon-
strated decreased expression of ZYX in cancer tumors in a mouse model of lung cancer [21].
They also observed that A549 cells with silenced ZYX expression had an increased ability to
migrate [21]. This may indirectly suggest that ZYX may inhibit the epithelial-mesenchymal
transition (EMT) of lung cancer cells [21]. Cadinu et al. showed lower expression of ZYX
in the NSCLC cell line (HCC4017) compared with the control line [20]. Moreover, they
also observed significantly lower levels of other cytoskeleton proteins in cancer cells com-
pared with normal cells [20]. These studies suggest that decreased expression of ZYX and
cytoskeletal proteins may promote the development of NSCLC. An explanation for this
phenomenon may be the disruption of cell adhesion, which enables cell migration and
invasion that are closely related to cancer progression.

A suppressor role of ZYX was also reported in prostate cancer [30]. Yu and Luo [30]
showed that ZYX could inhibit cell migration and invasion through direct interaction
with the protein known as myopodin [17,30]. These results [30] suggest that the impaired
interaction of myopodin with ZYX may have a tumor-promoting effect. A similar situation
may occur in NSCLC, i.e., impaired interaction of ZYX with other factors may promote the
process of carcinogenesis due to reduced levels of ZYX.

In turn, Sanchez-Carbayo et al. showed that low levels of ZYX were associated with
higher histological grade and higher clinical stage of bladder cancer [31]. It was suggested
that impaired interaction between B-catenin and moesin, E-cadherin, or ZYX could impair
the formation of cell adhesion junctions/adherens junctions and thus promote tumor
progression [17,31,32]. It seems that similar interactions between ZYX and other proteins
may also occur in the development of NSCLC. However, the specific mechanisms have not
been described yet.

IHC reactions showed that the levels of ZYX in the cytoplasm were lower in NSCLC
cells, while the nuclear expression of ZYX was higher compared with control tissue. An
explanation for this phenomenon may be the translocation of ZYX from the cytoplasm to
the cell nucleus, previously observed by other researchers [7,9,10,33,34]. The presence of
ZYX in the nucleus may be related to its involvement in the regulation of gene expression
responsible for the process of cancer transformation [7,10,33].

Moon et al., showed that treatment of SiHa cells with exogenous thymosin 34 resulted
in translocation of ZYX to the cell nucleus during the first hours of incubation [34]. After
some time, ZYX was translocated back to the cytoplasm [34]. They speculated that under
the influence of thymosin 4, ZYX could affect cell migration by regulating actin polymer-
ization and depolymerization. It can also be speculated that ZYX may be a transport molecule
for thymosin (34, allowing it to enter the cell nucleus [34]. Thus, it can be suggested that in
the case of NSCLC, ZYX may regulate actin polymerization or may function as a transport
molecule for other molecules into the nucleus, thus enabling tumor progression.

The presence of ZYX in the cell nucleus may also be related to its interaction with
transcription factors and regulation of gene expression that are important in carcinogenesis,
including NSCLC. Choi et al. observed that the activation of the transcription factor HNF-
13 by ZYX affected the migratory capacity of cells [10]. ZYX has also been shown to interact
with the ZNF384 transcription factor (zinc finger protein 384) and it probably functions as
a mediator for interactions between ZNF384 and p130CAS in focal adhesions [11]. The role
of ZYX in transcriptional regulation was also reported by Degenhardt and Silverstein [33].
Their study [33] showed that ZYX was translocated to the cell nucleus and transcription
processes were activated under the influence of the E6 protein of HPVé [33]. In turn,
Youn et al. described the role of ZYX in the regulation of retinoic acid (RA) signaling
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pathway [9]. Incubation of H1299 NSCLC cells with RA resulted in translocation of ZYX to
the nucleus [9]. Further analysis showed the interaction of ZYX with PTOV1 (commonly
overexpressed in prostate cancer [35]) and CBP proteins (RA receptor coactivator), resulting
in attenuation of the cytotoxic effect of RA [9]. This suggests that ZYX may be responsible
for the resistance of cancer cells to therapy. The distribution of ZYX in cells was also
reported by Grunewald et al. [36,37]. In their study on ovarian cancer and breast cancer cell
lines, they observed that altered expression of LASP-1 protein, which is a focal adhesion
molecule [38], resulted in changes in the amount of ZYX in focal adhesions, which affected
cell proliferation and migratory abilities [36,37].

Translocation of ZYX to the cell nucleus may also affect the regulation of apopto-
sis. Ghosh et al. found that mechanical stimulation in the form of stretch resulted in
ZYX translocation to the nucleus of vascular smooth muscle cells, which regulated the
activity of specific genes [7]. At the same time, silencing of ZYX expression resulted in
increased proliferation and inhibition of apoptosis induced by the stretch mechanism and
Fas Ligand [7]. Hervy et al. aimed to verify the effect of ZYX on the survival of mouse
embryo fibroblasts (MEFs) treated with UV-C [8]. When exposed to UV-C, translocation of
ZYX to the nucleus occurred, and increased caspase-3 activity and induction of apoptosis
were observed [8]. Further experiments showed that the proapoptotic effect of ZYX was
dependent on CARP-1 [8]. The above results confirm that ZYX can promote apoptosis. It is
known that apoptosis is one of the processes responsible for the elimination of cancer cells.
In our study, the levels of nuclear ZYX in NSCLC cases were significantly higher compared
with normal lung tissue, which may indicate that ZYX is translocated to the nucleus to
induce apoptosis as a defense mechanism against further tumor progression. However, the
expression of nuclear ZYX decreased with the increase in the histological grade of NSCLC,
which was mostly found in AC cases. Although these differences were not statistically
significant, the trend suggests that this hypothetical defense mechanism was ineffective.
Thus, the decrease in ZYX expression, which was observed in our study, may increase the
survival of tumor cells and thus promote tumor progression.

The hypothesis of a suppressor role of ZYX in NSCLC development may also be
supported by the results of the analysis of the relationship between the level of this protein
and tumor size. In our study, we demonstrated that cytoplasmic ZYX levels in all NSCLC
cases and in the SCC subtype (which was analyzed separately) decreased with increasing
tumor size. We further found that the levels of cytoplasmic ZYX in NSCLC and SCC cells
decreased progressively with increasing clinical stage. The nuclear ZYX levels showed no
relationship with tumor size or clinical stage. Additionally, we did not observe significant
relationships between ZYX expression and histological grade (G). Although nuclear ZYX
levels in NSCLC cases analyzed in total and separately for SCC and AC cases decreased
slightly with increasing histological grade (G), our results were not statistically significant.
The absence of correlations between ZYX levels and some clinicopathological factors may
be explained by different mechanisms that cause increase or decrease in ZYX expression.
Due to the lack of similar studies in NSCLC, it is not possible to compare our findings.
However, they are partly in line with the observations of Sanchez-Carbayo et al., who
demonstrated a correlation between low ZYX levels and higher histological grade and
higher clinical stage of bladder cancer [31].

The hypothesis of a suppressive role of ZYX can be supported by survival analysis,
which showed that higher levels of cytoplasmic ZYX in cancer cells were associated with
longer OS. In turn, higher levels of nuclear ZYX correlated negatively with the duration of
OS (except for SCC), which is contrary to the results of Hervy et al. [8]. Survival analysis
using Cox proportional hazards model showed that cytoplasmic and nuclear ZYX in
NSCLC, SCC and AC cells could not be considered to be independent prognostic factors
for OS.

Investigation showed that in different ZYX expression groups, overall survivals of
NSCLC, SCC, and AC patients did not differ dramatically from one another in each group.
However, the differences were noticed for survival curves of LCC patients. The explanation

47



Cykl publikacji stanowigcych podstawe Pracy Doktorskiej

Biomolecules 2022, 12, 827

19 of 21

for this phenomenon might be the fact lung LCC is described as a cancer with poor
prognosis [39].

Further analysis showed that the levels of both cytoplasmic and nuclear ZYX were
higher in SCC cells compared with AC cells. A similar difference was observed in ZYX
mRNA levels in SCC and AC cases and the corresponding cell lines. This suggests that
ZYX expression is regulated differently in the two NSCLC subtypes. This differentiation
may be due to the distinct tumor microenvironment that determines tumor properties
and may influence the nature of a particular subtype of NSCLC [3]. The structure of the
extracellular matrix (ECM) probably affects the expression of ZYX. Fibronectin has been
shown to be part of the ECM in desmoplastic pulmonary AC, whereas keratin has been
found in lung SCC [3]. Therefore, variation in ECM composition may account for the
different expression of ZYX in lung SCC and AC cells. The comparison of cytoplasmic and
nuclear ZYX expression between LCC and other NSCLC subtypes demonstrated different
levels of this protein. Significantly higher nuclear ZYX levels were observed in SCC than in
LCC cells. These facts may also be explained by different ECM composition.

The experiment was carried out on TMAs which do not constitute the whole tissue
section. The next limitation is the use of only two NSCLC cell lines. Nevertheless, these
cell lines represent the most common types of NSCLC, i.e., lung squamous cell carcinoma
(NCI-H1703) and lung adenocarcinoma (NCI-H522). The final conclusions were stated
based on the overall and cytoplasmic ZYX expression because the overall level was detected
as decreased in NSCLC. However, the cytoplasmic and nuclear levels of ZYX were analyzed
in relation to clinicopathological data and discussed. The roles of cytoplasmic and nuclear
localizations of ZYX were not investigated with experiments.

Previous studies suggested that ZYX could act as both a promoter and suppressor
protein in the process of tumor transformation, depending on the type of cancer. Our results
support the conclusion that a decrease in ZYX expression may promote the formation of
NSCLC. However, the role of decreased ZYX expression in NSCLC is still not completely
explained.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/biom12060827 /s1, Figure S1: Representative IHC images of ZYX
expression in different subtypes of lung adenocarcinoma. Magnification x200.
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Supplementary Figure 1. Representative IHC images of ZYX expression in different subtypes
of lung adenocarcinoma. Magnification x200.
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Podsumowanie i wnioski

Podsumowanie i wnioski

Wiele badan sugeruje udzial ZYX w progresji nowotworowej. Wykazano, ze ZYX moze
funkcjonowa¢ w dwojaki sposéb, to znaczy moze dziala¢ promujaco jak i hamujaco
na onkogeneze, w zalezno$ci od rodzaju nowotworu. Wptyw zyksyny na proces nowotworzenia

zostal podsumowany w publikacji przegladowe;.

Wyniki badan IHC, zawarte w drugiej publikacji, zademonstrowaly obnizony poziom
cytoplazmatycznej ZYX w komodrkach NSCLC w stosunku do prawidtowych komorek
phucnych. Natomiast poziom jadrowej ZY X okazat si¢ by¢ podwyzszony w komorkach NSCLC
w poréwnaniu do tkanki kontrolnej. Zalezno$ci te odnotowano zaré6wno, gdy analizowano cata
kohorte NSCLC, jak i jego podtypy ptaskonablonkowy i gruczotowy osobno. Badania metoda
Western Blot pokazaly obnizony poziom biatka ZYX w guzach NSCLC w stosunku do tkanki
kontrolnej. Zauwazono réwniez obnizony poziom mRNA ZYX w guzach NSCLC
w porownaniu do tkanki prawidlowej. Zmniejszong ekspresje ZYX w komoérkach NSCLC
potwierdzaja reakcje RT-gPCR wykonane na mRNA pochodzacym z wyizolowanych metoda
mikrodysekcji laserowej komorek NSCLC i komorek tkanki ptuc niezmienionej nowotworowo.
Badania wykazaly istotnie nizszy poziom jadrowe] ZYX w komoérkach AC
niz w SCC. Co wigcej, w komoérkach NSCLC oraz SCC istotnie nizszy poziom
cytoplazmatycznej ZY X wystepowat w przypadkach guzéw pT3-4 niz w pT1. Nizszy poziom
cytoplazmatycznej ZY X odnotowano w stadium zaawansowania klinicznego choroby I1-1V
niz w stadium I w przypadku komoérek NSCLC i SCC. Analiza modelem proporcjonalnego
hazardu Coxa wykazata, ze zaréwno cytoplazmatyczna, jak i jadrowa ekspresja ZYX
w komorkach NSCLC nie moze by¢ traktowana jako niezalezny czynnik prognostyczny.
Badania na modelu in vitro takze prezentuja obnizony poziom biatka ZYX w komorkach

NSCLC w porownaniu do linii kontrolnej prawidtowych fibroblastow ptucnych.

Koncowe wnioski:

1. Obnizony poziom ZYX w guzach NSCLC w stosunku do tkanki kontrolne;j,
jak 1 obnizony poziom ZYX w liniach komoérkowych NSCLC moze sugerowac
supresorowg rol¢ tego biatka w patogenezie NSCLC.

2. ZYX prawdopodobnie nie moze by¢ rozwazana jako niezalezny czynnik prognostyczny

w NSCLC.
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Dr Katarzyna Ratajczak-Wielgomas Wroctaw, 24.04.2023 r.
Zaktad Histologii i Embriologii
Katedra Morfologii i Embriologii Cztowieka

Uniwersytet Medyczny we Wroctawiu

Oswiadczenie o wspoélautorstwie

Oswiadczam, ze w pracy Partyfska Aleksandra, Gomutkiewicz Agnieszka, Piotrowska
Aleksandra, Grzegrzétka Jedrzej, Rzechonek Adam, Ratajczak-Wielgomas Katarzyna,
Podhorska-Okotéw Marzenna, Dziggiel Piotr, Expression of zyxin in non-small cell lung
cancer - a preliminary study. Biomolecules, 2022, Vol. 12, no. 6, art. 827, DOI:
10.3390/biom12060827; méj udzial polegal na wykonaniu zdjg¢ reakcji
immunofluorescencyjnych na mikroskopie konfokalnym oraz na obliczeniu intensywnosci
fluorescencji w badanych liniach komérkowych. Wyrazam zgodg na uzycie powyzszej
publikacji w rozprawie doktorskiej Aleksandry Partynskiej pt. ,,Ekspresja zyksyny
w niedrobnokomérkowych rakach ptuc”.

Podpis

@q%ﬂ@m
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Dr Jedrzej Grzegrzotka Wroctaw, 24.04.2023 r.
Zak}ad Histologii i Embriologii
Katedra Morfologii i Embriologii Czlowicka

Uniwersytet Medyczny we Wroclawiu

Oswiadczenie o wspélautorstwie

Oswiadczam, ze w pracy Partyriska Aleksandra, Gomufkiewicz Agnieszka, Piotrowska
Aleksandra, Grzegrzotka Jedrzej, Rzechonek Adam, Ratajczak-Wielgomas Katarzyna,
Podhorska-Okotéw Marzenna, Dziggiel Piotr, Expression of zyxin in non-small cell lung
cancer - a preliminary study. Biomolecules, 2022, Vol. 12, no. 6, art. 827, DOI
10.3390/biom12060827;, mo] udzial polegal na wykonaniu analiz statystycznych
uzyskanych wynikéw oraz przygotowaniu odpowiadajacym im wykresow. Wyrazam zgode
na uzycie powyiszej publikacji w rozprawie doktorskiej Aleksandry Partynskiej
pt. ,.Ekspresja zyksyny w niedrobnokomérkowych rakach pluc”.

Podpis
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Mgr Aleksandra Partynska Wroctaw, 24.04.2023 r.
Zaktad Histologii i Embriologii
Katedra Morfologii i Embriologii Czlowieka

Uniwersytet Medyczny we Wroctawiu

Oswiadczenie o wspolautorstwie

O$wiadczam, ze w pracy Partyhska Aleksandra, Gomutkiewicz Agnieszka, Piotrowska
Aleksandra, Grzegrzétka Jedrzej, Rzechonek Adam, Ratajczak-Wielgomas Katarzyna,
Podhorska-Okotow Marzenna, Dziggiel Piotr, Expression of zyxin in non-small cell lung
cancer - a preliminary study. Biomolecules, 2022, Vol. 12, no. 6, art. 827, DOI:
10.3390/biom12060827; méj udzial polegal na uczestnictwie w opracowaniu koncepcji
pracy; izolacji bialka i mRNA z badanego materiatu; przeprowadzeniu eksperymentow
metodami  Western Blot, real-time PCR, immunofluorescencji; ocenie reakcji
immunohistochemicznych przeprowadzonych na mikromacierzach tkankowych raka phuc;
wykonaniu czedci  analiz  statystycznych oraz przygotowaniu odpowiadajgcym
im wykreséw; uczestnictwie w interpretacji wynikow; przygotowaniu pierwotnej wersji
manuskryptu; przygotowaniu rycin; byciu autorem korespondencyjnym, wprowadzaniu
korekt do manuskryptu sugerowanych w procesie publikacyjnym oraz zaangazowaniu

w pozyskiwanie $rodkéw finansowych na prowadzenie powyzszych badan.
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KOMISJA BIOETYCZNA

przy

Uniwersytecie Medycznym

we Wroctawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB — 483/2018

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroctawiu, powolana
zarzadzeniem Rektora Uniwersytetu Medycznego we Wroctawiu nr 133/XV R/2017 z dnia 21
grudnia 2017 r. oraz dziatajaca w trybie przewidzianym rozporzadzeniem Ministra Zdrowia
i Opieki Spolecznej z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie ustawy
o zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 28 z 1997 r. poz. 152 z pdéZniejszymi
zmianami ) w skladzie:

dr hab. Jacek Daroszewski (endokrynologia, diabetologia)

prof. dr hab. Krzysztof Grabowski (chirurgia)

dr Henryk Kaczkowski  (chirurgia szczgkowa, chirurgia stomatologiczna)
mgr Irena Knabel-Krzyszowska (farmacja)

prof. dr hab. Jerzy Liebhart (choroby wewnetrzne, alergologia)

ks. dr hab. Piotr Mrzyglod (duchowny)

mgr Luiza Miller  (prawo)

dr hab. Stawomir Sidorowicz (psychiatria)

dr hab. Leszek Szenborn (pediatria, choroby zakazne)

Danuta Tarkowska (pielegniarstwo)

prof. dr hab. Anna Wiela-Hojeniska (farmakologia kliniczna)

dr hab. Andrzej Wojnar (histopatologia, dermatologia) przedstawiciel Dolnoslaskiej Izby
Lekarskiej)

dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem
prof. dr hab. Jana Kornafela ( ginekologia i potoznictwo, onkologia)

Przestrzegajac w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,

po zapoznaniu si¢ z projektem badawczym pt.

,»Rola zyksyny w niedrobnokomérkowych rakach phuc”
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zgloszonym przez mgr Aleksandre Partynsky uczestniczke studiow doktoranckich w
Zakladzie Histologii i Embriologii Katedry Morfologii i Embriologii Czlowieka
Uniwersytetu Medycznego we Wroctawiu oraz ztozonymi wraz z wnioskiem dokumentami,
w tajnym glosowaniu postanowita wyrazi¢ zgode na przeprowadzenie badania w Zaktadzie
Histologii i Embriologii Katedry Morfologii i Embriologii Cztowieka UM we Wroctawiu
pod nadzorem prof. dr hab. Piotra Dziggiela pod warunkiem zachowania anonimowosci
uzyskanych danych.

Uwaga: Badanie to zostato objete ubezpieczeniem odpowiedzialnosei cywilnej Uniwersytetu
Medycznego we Wroctawiu z tytulu prowadzonej dzialalnosci:

Pouczenie: W ciggu 14 dni od otrzymania decyzji wnioskodawcy przystuguje prawo
odwotania do Komisji Odwolawczej za posrednictwem Komisji Bioetycznej UM we

Wroclawiu

Opinia powyzsza dotyczy: projektu badawczego bedacego podstawa rozprawy doktorskiej

tadvezny we iy cidwiu
RIOETYCZNA
OANCZACY

Wroclaw, dnia é wrzesnia 2018 r. s

BW
1. Jan Kolpafel
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KOMISJA BIOETYCZNA

przy

Uniwersytecie Medycznym

we Wroctawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB - 504/2018

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroctawiu, powotana
zarzadzeniem Rektora Uniwersytetu Medycznego we Wroctawiu nr 133/XV R/2017 z dnia 21
grudnia 2017 r. oraz dziatajaca w trybie przewidzianym rozporzadzeniem Ministra Zdrowia
i Opieki Spolecznej z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie ustawy
0 zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 28 z 1997 r. poz. 152 z p6zniejszymi
zmianami ) w skladzie:

dr hab. Jacek Daroszewski (endokrynologia, diabetologia)

prof. dr hab. Krzysztof Grabowski (chirurgia)

dr Henryk Kaczkowski  (chirurgia szcz¢kowa, chirurgia stomatologiczna)
mgr Irena Knabel-Krzyszowska (farmacja)

prof. dr hab. Jerzy Liebhart (choroby wewnetrzne, alergologia)

ks. dr hab. Piotr Mrzygtod (duchowny)

mgr prawa Luiza Miller (prawo)

dr hab. Stawomir Sidorowicz (psychiatria)

dr hab. Leszek Szenborn (pediatria, choroby zakazne)

Danuta Tarkowska (pielggniarstwo)

prof. dr hab. Anna Wiela-Hojeniska (farmakologia kliniczna)

dr hab. Andrzej Wojnar (histopatologia, dermatologia) przedstawiciel Dolnoslaskiej Izby
Lekarskiej)

dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem
prof. dr hab. Jana Kornafela ( ginekologia i potoznictwo, onkologia)

Przestrzegajac w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,

Ppo zapoznaniu si¢ z projektem badawczym pt.:

»Rola zyksyny w niedrobnokomorkowych rakach ptuc”
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zgloszonym przez prof. dr hab. Macieja Zabla zatrudnionego w Katedrze Morfologii

i Embriologii Cztowieka, Zaktadzie Histologii i Embriologii Uniwersytetu Medycznego im.
Piastow Slaskich we Wroclawiu oraz ztozonymi wraz z wnioskiem dokumentami, w tajnym
glosowaniu postanowita wyrazi¢ zgode na przeprowadzenie badania przez mgr Aleksandre
Partynska w Zakladzie Histologii i Embriologii Katedry Morfologii i Embriologii
Cztowicka UMW pod warunkiem zachowania anonimowo$ci uzyskanych danych.

Uwaga: Badanie to zostalo objete ubezpieczeniem odpowiedzialnosci cywilnej Uniwersytetu
Medycznego we Wroctawiu z tytutu prowadzonej dziatalnosci.

Pouczenie: W ciagu 14 dni od otrzymania decyzji wnioskodawcy przyshuguje prawo
odwotania do Komisji Odwotawczej za posrednictwem Komisji Bioetycznej UM we

Wroctawiu.

Opinia powyzsza dotyczy projektu badawczego bedacego podstawg grantu dla mtodych
naukowcow.

Wroclaw, dnia / 4wrze§nia 2018 r.
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Publikacje naukowe i rozdziat w monografii naukowej

Sumaryczny IF: 37,024
Sumaryczna liczba punktéw MEiIN: 930
Indeks Hirscha: 5

1. Urbaniak Anna, Jabtonska Karolina, Suchanski Jarostaw, Partynska Aleksandra,
Szymczak-Kulus Katarzyna, Matkowski Rafat, Maciejczyk Adam, Ugorski Maciej,
Dziggiel Piotr: Prolactin-induced protein (PIP) increases the sensitivity of breast
cancer cells to drug-induced apoptosis. Scientific Reports 2023 vol. 13 art.6574;

DOI: 10.1038/s41598-023-33707-w

IF (2021)=4,996 Pkt MEIN=140

2. Partynska Aleksandra, Piotrowska Aleksandra, Pawetczyk Konrad, Rzechonek Adam,
Ratajczak-Wielgomas Katarzyna, Podhorska-Okotéw Marzenna, Dziggiel Piotr:
The Expression of Histone Acetyltransferase KAT6A in Non-small Cell Lung Cancer.
Anticancer Research 2022 Vol. 42 no. 12 5.5731-5741; DOI:10.21873/anticanres.16080

IF (2021)=2,435 Pkt MEIN=70

3. Partynska Aleksandra, Gomulkiewicz Agnieszka, Piotrowska Aleksandra,
Grzegrzotka Jedrzej, Rzechonek Adam, Ratajczak-Wielgomas Katarzyna, Podhorska-
Okotow Marzenna, Dziggiel Piotr: Expression of zyxin in non-small cell lung cancer

— a preliminary study. Biomolecules 2022 Vol. 12 no. 6 art. 827,
DOI:10.3390/biom12060827

IF (2021)=6,064 Pkt MEiN=100,00
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4. Partynska Aleksandra, Gomutkiewicz Agnieszka, Dziggiel Piotr, Podhorska-Okotow
Marzenna: The role of zyxin in carcinogenesis. Anticancer Research 2020 Vol. 40
no. 11 s. 5981-5988; DOI:10.21873/anticanres.14618

IF=2,480 Pkt MEiIN=70,00

5. Ratajczak-Wielgomas Katarzyna, Kmiecik Alicja, Grzegrzotka Jedrzej, Piotrowska
Aleksandra, Gomultkiewicz Agnieszka, Partynska Aleksandra, Pawetczyk Konrad,
Nowinska Katarzyna, Podhorska-Okolow Marzenna, Dziggiel Piotr: Prognostic
significance of stromal periostin expression in non-small cell lung cancer. International
Journal of Molecular Sciences 2020 Vol. 21 no. 19 art. 7025;
DOI:10.3390/ijms21197025

IF=5,924 Pkt MEiN=140,00

6. Nowinska Katarzyna, Jablonska Karolina, Pawetczyk Konrad, Piotrowska Aleksandra,
Partynska Aleksandra, Gomulkiewicz Agnieszka, Ciesielska Urszula, Katnik Ewa,
Grzegrzotka Jedrzej, Glatzel-Plucinska Natalia, Ratajczak-Wielgomas Katarzyna,
Podhorska-Okotéw Marzenna, Dziggiel Piotr: Expression of irisin/ENDCS5 in cancer
cells and stromal fibroblasts of non-small cell lung cancer. Cancers 2019 Vol. 11
no. 10 art. 1538; DOI:10.3390/cancers11101538

IF=6,126 Pkt MEiIN=140,00

7. Jablonska Karolina, Nowinska Katarzyna, Piotrowska Aleksandra, Partynska
Aleksandra, Katnik Ewa, Pawelczyk Konrad, Kmiecik Alicja, Glatzel-Plucinska
Natalia, Podhorska-Okotéw Marzenna, Dziggiel Piotr: Prognostic impact of melatonin
receptors MT1 and MT2 in non-small cell lung cancer (NSCLC). Cancers 2019

Vol. 11 no. 7 art. 1001; DOI:10.3390/cancers11071001

IF=6,126 Pkt MEiN=140,00
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Partynska Aleksandra, Jabtonska Karolina, Nowinska Katarzyna, Dziggiel Piotr: Rola
prolaktyny oraz jej receptora w rozwoju nowotworow (The role of prolactin and its
receptor in cancer development). Postepy Higieny i Medycyny Doswiadczalnej 2019
Vol. 73 s. 232-244; DOI:10.5604/01.3001.0013.1939

IF=0,878 Pkt MEiN=40,00

Nowinska Katarzyna, Ciesielska Urszula, Piotrowska Aleksandra, Jabtonska Karolina,
Partynska Aleksandra, Paprocka Maria, Zatonski Tomasz, Podhorska-Okotow
Marzenna, Dziggiel Piotr: MCM5 expression is associated with the grade
of malignancy and Ki-67 antigen in LSCC. Anticancer Research 2019 Vol. 39 no. 5
s. 2325-2335; DOI:10.21873/anticanres.13349

IF=1,994 Pkt MEiIN=70,00

Partynska Aleksandra: Wybrane metody ksztalcenia praktycznego studentow
wykorzystywane w naukach przyrodnicznych i medycznych (Chosen methods
of practical education of students in natural and medical sciences). W: Nowe strategie
w ksztalceniu studentow: dobre praktyki — rekomendacje, red. Zanetta Kaczmarek
i Janusz Morbitzer, Wroctaw 2018, Uniwersytet Medyczny im. Piastow Slaskich
we Wroctawiu, s. 210-227, ISBN: 978-83-7055-379-1.

Pkt MEIN=20,00

72



Zalgczniki

Doniesienia konferencyjne

Partynska Aleksandra, Gomutkiewicz Agnieszka, Piotrowska Aleksandra, Ratajczak-
Wielgomas Katarzyna, Grzegrzotka Jedrzej, Rzechonek Adam, Podhorska-Okotow
Marzenna, Dziggiel Piotr: FEkspresja zyksyny w komdrkach podscieliska
niedrobnokomorkowych rakow ptuc. W: XI Sympozjum "Wspotczesna mysl techniczna
w naukach medycznych i biologicznych". Wroctaw, 18-19 listopada 2022. Materiaty
konferencyjne, Wroctaw 2022, Oddziat Polskiej Akademii Nauk we Wroctawiu,
S. 126-128, ISBN 978-83-954493-3-8.

Zajecie Il miejsca w sesji doniesien plakatowych

Glatzel-Plucinska Natalia, Olbromski Mateusz, Partynska Aleksandra, Ratajczak
Katarzyna, Piotrowska Aleksandra, Miazek Arkadiusz, Dziggiel Piotr: Biatko SATBI
jako nowy cel w immunoterapii raka gruczotu piersiowego z wykorzystaniem
adoptywnego transferu limfocytow T. W: XI Sympozjum "Wspotczesna mysl
techniczna w naukach medycznych i biologicznych". Wroctaw, 18-19 listopada 2022.
Materialy konferencyjne, Wroctaw 2022, Oddziat Polskiej Akademii Nauk
we Wroctawiu, s. 65-66, ISBN 978-83-954493-3-8.

Glatzel-Plucinska Natalia, Olbromski Mateusz, Partynska Aleksandra, Ratajczak
Katarzyna, Piotrowska Aleksandra, Migzek Arkadiusz, Dziggiel Piotr: Biatko SATB1
jako nowy cel w immunoterapii raka gruczolu piersiowego z wykorzystaniem
adoptywnego transferu limfocytow T. W: 54 Sympozjum Polskiego Towarzystwa
Histochemikéw 1 Cytochemikow "Gdzie jestesmy? Dokad zmierzamy? Techniki
histochemiczne i cytochemiczne w ujeciu ponadczasowym". Bydgoszcz, 23-25 maja

2022 r. Program i ksiazka streszczen Bydgoszcz 2022, s. 18.

. Nowinska Katarzyna, Jabtoniska Karolina, Piotrowska Aleksandra, Pawelczyk Konrad,
Ciesielska Urszula, Partynska Aleksandra, Katnik Ewa, Grzegrzotka Jedrzej,
Ratajczak-Wielgomas Katarzyna, Podhorska-Okotow Marzenna, Dziggiel Piotr:
Evaluation of the role of irisin expression in non-small cell lung cancer. W: 53rd
Symposium of the Polish Society for Histochemistry and Cytochemistry
"From ultrastructure to in vivo imaging: progress in microscopical techniques"”. Gdansk,
15-18 September 2019. Program, abstracts Gdansk 2019, Polish Society
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for Histochemistry and Cytochemistry; Department of Histology Medical University
of Gdansk, s. 70 poz. O50, ISBN 978-83-61216-07-0.

Haczkiewicz Katarzyna, Partynska Aleksandra, Ratajczak Katarzyna, Dziggiel Piotr,
Podhorska-Okotéw Marzenna: Ultrastructure of breast cancer cells in the course
of autophagy. W: 53rd Symposium of the Polish Society for Histochemistry
and Cytochemistry "From ultrastructure to in vivo imaging: progress in microscopical
techniques". Gdansk, 15-18 September 2019. Program, abstracts Gdansk 2019, Polish
Society for Histochemistry and Cytochemistry; Department of Histology Medical
University of Gdansk, s. 91 poz. P14, ISBN 978-83-61216-07-0.

. Partynska Aleksandra, Gomuitkiewicz Agnieszka, Piotrowska Aleksandra,
Podhorska-Okotéw Marzenna, Dziggiel Piotr: Zyxin expression in non-small cell lung
cancer — a preliminary study. W: 53rd Symposium of the Polish Society
for Histochemistry and Cytochemistry "From ultrastructure to in vivo imaging: progress
in microscopical techniques". Gdansk, 15-18 September 2019. Program, abstracts
Gdansk 2019, Polish Society for Histochemistry and Cytochemistry; Department
of Histology Medical University of Gdansk, s. 148 poz. P70, ISBN 978-83-61216-07-
0.

. Partynska Aleksandra, Gomutkiewicz Agnieszka, Piotrowska Aleksandra, Dziggiel
Piotr: Ekspresja zyksyny w niedrobnokomérkowych rakach ptuc — badania pilotazowe.
W: X Sympozjum "Wspotczesna mys$l techniczna w naukach medycznych
1 biologicznych". Wroctaw, 14-15 czerwca 2019 r. Materiaty konferencyjne Wroctaw
2019, Oddziat Polskiej Akademii Nauk we Wroctawiu, s. 90-91, ISBN 978-83-942714-
9-7.

. Andrzejewski Waldemar, Rostanowski Adam, Kassolik Krzysztof, Grzegrzotka
Jedrzej, Kmiecik Alicja, Wilk Iwona, Podhorska-Okoléw Marzenna, Dziggiel Piotr,
Kosendiak Aureliusz, Partynska Aleksandra, Ratajczak-Wielgomas Katarzyna:
Wplhyw masazu z wykorzystaniem rolera na proces angiogenezy w miesniach
szkieletowych — doniesienie wstepne = The effect of massage using a roller
on the process of angiogenesis in skeletal muscles — a preliminary report.

W: Miedzynarodowy Dziefi Inwalidy — XXV-edycja "Zycie bez bolu. Zdrowe dzieci —
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zdrowa Europa: wielka nauka dla matych pacjentow". Zgorzelec 28-30 marca 2019 r.
Streszczenia Zgorzelec 2019, "Obrzeza" Oficyna Wydawnicza, s. 19-20 poz. I, 19,
ISBN 978-83-88380-77-8.

Haczkiewicz Katarzyna, Piotrowska Aleksandra, Partynska Aleksandra, Mieszala
Katarzyna, Kulus Michat, Dziggiel Piotr, Podhorska-Okotéw Marzenna: Autofagia
w raku gruczotu piersiowego — badania wstepne. W: 52. Zjazd Naukowy Polskiego
Towarzystwa Histochemikow 1 Cytochemikéw "Immunohistochemia i1 biologia
molekularna w morfologii". Biatystok, 13-16 wrze$nia 2018. Streszczenia prezentacji

ustnych oraz plakatowych 2018, s. 18 poz. U16.

Jablonska Karolina, Nowinska Katarzyna, Piotrowska Aleksandra, Partynska
Aleksandra, Katnik Ewa, Pawelczyk Konrad, Podhorska-Okotow Marzenna, Dziggiel
Piotr: Ocena prognostycznego znaczenia receptorow melatoninowych w raku ptuca.
W: 52. Zjazd Naukowy Polskiego Towarzystwa Histochemikow 1 Cytochemikow
"Immunohistochemia i biologia molekularna w morfologii". Biatystok, 13-16 wrzes$nia

2018. Streszczenia prezentacji ustnych oraz plakatowych 2018, s. 26 poz. U24.

Nowinska Katarzyna, Pawetczyk Konrad, Piotrowska Aleksandra, Ciesielska Urszula,
Jabtonska Karolina, Partynska Aleksandra, Katnik Ewa, Grzegrzotka Jedrze;j,
Dziggiel Piotr: Rokownicze znaczenie ekspresji iryzyny w niedrobnokomorkowych
rakach ptuc. W: IX Sympozjum "Wspotczesna mysl techniczna w naukach medycznych
i biologicznych". Wroctaw, 22-23 czerwca 2018 r. Materiaty konferencyjne, Wroctaw
2018, Oddzial Polskiej Akademii Nauk we Wroctawiu, s. 107-109,
ISBN 978-83-942714-8-0.

Partynska Aleksandra, Gomulkiewicz Agnieszka, Piotrowska Aleksandra, Nowinska
Katarzyna, Grzegrzotka Jedrzej, Dziegiel Piotr: Rola zyksyny w niedrobnokomorkowych
rakach ptuc — badania wstgpne. W: IX Sympozjum "Wspotczesna mysl techniczna
w naukach medycznych i biologicznych". Wroctaw, 22-23 czerwca 2018 r. Materiaty
konferencyjne Wroctaw 2018, Oddziat Polskiej Akademii Nauk we Wroctawiu,
s. 52-53, ISBN 978-83-942714-8-0.

Zajecie 11l miejsca w sesji doniesien ustnych
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