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Rak ptaskonabtonkowy krtani jest obecnie najczestszym nowotworem okolicy glowy
i szyi [1]. Typowo wystepuje on w populacji palgcych papierosy mezczyzn po 50 roku
zycia, z podstawowym wyksztatceniem i niskim statusem socjoekonomicznym.
Obserwuje sie 8- krotnie czestsze zachorowania wsréd mezczyzn niz u kobiet. Rak
krtani zajmuje 7 miejsce w grupie najczesciej rozpoznawanych nowotwordéw
ztosliwych w populacji meskiej. Wspotczynniki 5- letnich przezyé i zgondw sg rowniez
mniej korzystne w grupie mezczyzn [2,3]. Najnowsze wyniki badan wykazujg, ze poza
typowym obrazem epidemiologicznym, coraz czesciej rak krtani diagnozowany jest
u pacjentéw mtodszych, ponizej 40 roku zycia, nie palacych, u ktérych czynnikiem
rozwoju nowotworu jest zakazenie wirusem brodawczaka typu ludzkiego HPV (ang.

human papilloma virus) [4].

Wybér metody leczenia raka krtani jest uwarunkowany wieloma czynnikami, do
ktdrych naleza: pierwotna lokalizacja guza, wystepowanie przerzutéw odlegtych,
ztosliwos¢ histologiczna guza, wiek pacjenta i jego stan ogdlny, a takzie
doswiadczenie zespotu chirurgicznego w konkretnych technikach zabiegowych [5,6].
We wczesnych stadiach zaawansowania nowotworu (T1-2, NO, MO) stosuje sie
radioterapie i leczenie chirurgiczne, obejmujace czesciowg laryngektomie
endoskopowg lub laryngektomie z dostepu otwartego [6]. W rakach, o wyzszym
stopniu zaawansowania narzgdowego wykonuje sie laryngektomie catkowitg [7,8].
W Polsce blisko 60% przypadkow raka krtani jest diagnozowanych w stadium T3-4 i
ok. 50 % pacjentéw w tej grupie ma przerzuty do regionalnych weztéw chtonnych
[9]. Brak objawéw patognomonicznych raka krtani i pdine rozpoznanie s3
czynnikiem znacznie ograniczajgcym wybdr metody leczenia i jej skutecznosci.
Laryngektomia catkowita pozostaje nadal ztotym standardem postepowania
terapeutycznego [7,8]. Zabieg radykalny odbiera pacjentowi zdolno$é
porozumiewania sie za pomocg gtosu, co ma negatywny wptyw na jakos¢ zycia ale
takze utrudnia jego peten powrdt do zdrowia [10,11]. Opracowanie metod wczesnej
diagnostyki raka ptaskonabtonkowego krtani, opartych na swoistych markerach
zwigzanych z kancerogenezg, jest wyzwaniem stawianym przed wspoétczesng

onkologig. Ostatnie wyniki badan wskazujg, ze iryzyna, stosunkowo niedawno
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odkryta adipomiokina, jest zaangazowana w procesy kancerogenezy wielu

nowotwordw, miedzy innymi gruczotu tarczowego i ptuc [12—-14].

Iryzyna (Ir) zostata opisana po raz pierwszy jako hormon uwalniany do krwi przez
tkanke mies$niowg pod wptywem wysitku fizycznego. Ir powstaje z prohormonu
FNDC5, ktéry u ludzi kodowany jest przez gen FNDC5. Wzrost ekspresji biatka
btonowego FNDC5 i dalsze modyfikacje  posttranslacyjne  domeny
zewnatrzkomdrkowej prohormonu FNDC5, skutkujg uwolnieniem Ir. Wydzielona Ir
ulega dimeryzacji lub wystepuje w postaci homodimeru [15]. Dalsze badania
wykazaty, ze ekspresje Ir zaobserwowano takze w innych tkankach i narzadach,
takich jak tkanka ttuszczowa, miesien sercowy, nerki, watroba, skéra oraz mozdzek
[16—19]. Ponadto, obecnosc Ir wykazano takze w guzach nowotworowych takich jak:
rak gruczotu piersiowego, narzagdu rodnego, kosci, ptuc, i nowotworach przewodu
pokarmowego [20-23], a takze w surowicy krwi pacjentéw z chorobami
nowotworowymi [22,24-28]. Dodatkowo, obserwowano ekspresje Ir w komérkach
podscieliska niedrobnokomaérkowego raka ptuc [12]. Obecnie prowadzone sg liczne
badania, ktére majg na celu okreslenie zwigzku Ir z procesem transformacji

nowotworowej.

W ostatnim czasie pojawity sie badania wykazujace zwigzek miedzy poziomem
ekspresji Ir w komérkach nowotworowych, a parametrami kliniczno-patologicznymi.
Zaobserwowano, ze w komodrkach niedrobnokomdrkowego raka ptuc ekspresja Ir
spada w wyzszych stopniach histologicznej ztosliwosci guza (G) i w guzach o
wiekszych rozmiarach (T). Natomiast w trakcie powstawania przerzutéow do weztéw
chtonnych, poziom ekspresji Ir jest wyzszy w guzach z przerzutami odlegtymi niz w
guzach z przerzutami do weztéw chtonnych weztach regionalnych oraz w guzach bez
przerzutéw. U pacjentow z przerzutami odlegtymi wykazano wyzszg ekspresje Ir niz
u pacjentéw bez przerzutéw w podscielisku guzéw NSCLC [12]. Powyzsze badania
wskazujg na potencjalng role iryzyny w procesie diagnostyczno- terapeutycznym

nowotworow.

Jak dotad zespoty badawcze zajmujace sie zwigzkiem Ir z kancerogenezg uzyskaty
rozbiezne wyniki dotyczace jej wptywu na proliferacje. Cze$¢ badan wykazata, ze Ir

hamuje proliferacje, migracje i inwazje komorek raka gruczotu piersiowego [29], ptuc
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[13], kosci [30], gruczotu krokowego [31] w warunkach in vitro. Podczas gdy, w
komarkach raka watroby Ir stymuluje proliferacje poprzez aktywacje szlaku PI3K/Akt
[32]. Z kolei, w raku endometrium, okreznicy, tarczycy i przetyku nie wykazano
wptywu Ir na proliferacje [33]. W badaniu na rakach niedrobnokomérkowych ptuc
zaobserwowano odmienny wptyw Ir na proliferacje w zaleznosci od tego, w ktérych
komodrkach byta ekspresjonowana. Poziom Ir w komérkach raka ptuc korelowat
negatywnie z poziomem uznanego markera proliferacji antygenu Ki-67. Natomiast
poziom Ir w komodrkach podscieliska guza korelowat pozytywnie z antygenem Ki-67
[12]. Ponadto w raku piersi i raku okreznicy takze odnotowano staba pozytywna
korelacje z markerami proliferacji Ki-67 i MCM3 [34,35]. Brak jednoznacznych
danych o zwigzku Ir z proliferacja nowotworowg skfonito mnie do zbadania tej

zaleznosci w ptaskonabtonkowych rakach krtani.

Obiecujace wyniki badan dotyczace udziatu Ir w procesie kancerogenezy i brak
danych okreslajgcych jej ekspresje w rakach ptaskonabtonkowych krtani, byty
inspiracjg do badan wykonanych przeze mnie w ramach pracy doktorskiej. Uzyskane
wyniki nie wskazujg jednoznacznie Ir jako predyktora w procesie diagnostyczno-
terapeutycznym raka ptaskonabtonkowego krtani. Jednakze korelacje Ir, z uznanymi
markerami proliferacji nowotworowej, takimi jak Ki-67, MCM3 and MT-I/Il, wskazujg

na jej potencjalng role w procesie transformacji nowotworowej tego typu guzow.
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3. Zatozeniai cel pracy doktorskiej

Najnowsze wyniki badan wspierajg hipoteze o roli Ir w procesach proliferacji,
migracji i przejscia epitelialno- mezenchymalnego w wielu typach nowotwordéw.
Dotychczas nie pojawity sie badania oceniajgce ekspresje Ir w tkankach krtani i jej
potencjalnej roli w kancerogenezie raka ptaskonabtonkowego krtani (LSCC). Celem
badan byto okreslenie lokalizacji i nasilenia ekspresji Ir w LSCC oraz okreslenie
zwigzku jej poziomu z danymi kliniczno- patologicznymi (m. in. stopniem ztosliwosci
histologicznej, stadium zaawansowania choroby, klasyfikacja TNM, dtugoscia
przezy¢ pacjentdw). Wyniki uzyskanych badan miaty pozwoli¢ na okreslenie
ewentualnego znaczenia ekspresji Ir w ocenie prognostycznej raka

ptaskonabtonkowego krtani.

Celem pierwszej publikacji cyklu- pracy pogladowej, byt przeglad dostepnego
pi$miennictwa, ktéry pozwolit na opisanie budowy czasteczki Ir, jej roli w procesach
metabolicznych zwigzanych z kancerogenezg wielu nowotwordw, a takze wptywu
jaki Ir wywiera na proces nowotworzenia. Ponadto, w pracy dokonano
usystematyzowanego przegladu dostepnych danych literaturowych, dotyczacych
znaczenia Ir w poszczegdlnych typach nowotwordw, w ktérych badano poziom jej
ekspresji i stezenia w surowicy pacjentéw. Podsumowujgc, wyniki prac dotyczace
poszczegdblnych typdw nowotwordw, zostaty opisane w aspekcie: czy i w jaki sposéb
wykazujg ekspresje Ir, jakiej metodologii uzyto do wykonania badan, jaki materiat
zostat wykorzystany do badan. W publikacji zaprezentowatam takze wnioski
wyciggniete przeze mnie na podstawie rezultatéw badan poszczegdlnych zespotéw

badawczych.

Wyniki badan i wnioski wyciggniete w trakcie powstawania pracy poglagdowej, a
takze brak doniesien literaturowych opisujgcych ekspresje Ir w rakach krtani, sktonity
mnie do wykonania eksperymentow, ktdre bytyby prébg okreslenia potencjalne;j roli

Ir w procesie kancerogenezy raka ptaskonabtonkowego krtani.

Badania przedstawione w drugiej publikacji cyklu- pracy oryginalnej, miaty na celu
ocene lokalizacji i nasilenia ekspresji Ir w komdrkach raka ptaskonabtonkowego

krtani, brodawczakach krtani i tagodnych zmianach przerostowych krtani. Do badan
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wykorzystano materiat archiwalny Zakfadu Histologii i Embriologii Katedry
Morfologii i Embriologii Cztowieka Uniwersytetu Medycznego we Wroctawiu,
zgromadzony w postaci bloczkédw parafinowych LSCC. W celu oceny nasilenia
ekspresji biatek Ki-67, MCM3,5,7 oraz MT-I/Il w komérkach raka krtani
przeprowadzono reakcje immunohistochemiczne (IHC). Nastepnie dokonano oceny
reakcji IHC, przy uzyciu skali Remmele- Stegner oraz skali procentowej. Uzyskane
wyniki okreslajace nasilenie ekspresji Ir w komodrkach LSCC, skorelowano z
dostepnymi danymi kliniczno- patologicznymi (wiek, pte¢, stopien ztosliwosci
histologicznej i zaawansowania klinicznego TNM oraz czasem przezycia pacjentow).
Miato to na celu ocene potencjatu prognostycznego Ir. Wykonano takze badania w
modelu in vitro, wykorzystujgc linie komodrkowe raka krtani HEp-2 oraz
prawidtowych keratynocytow HaCaT. Nasilenie ekspresji Ir na poziomie biatka
oszacowano za pomocg techniki Western blot i reakcji immunofluorescencyjnej, co

miato potwierdzi¢ wyniki badan przeprowadzonych na materiale archiwalnym LSCC.
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Po uptywie dekady od odkrycia i opisania iryzyny (Ir), nasza wiedza o jej roli w
procesie kancerogenezy pozostaje nadal niepetna. W chwili obecnej prowadzonych
jest wiele badan, majacych na celu okreslenie wptywu Ir na proliferacje, migracje i
przejscie epitelialno- mezenchymalne komoérek raka, lezgce u podstawy
przerzutowania nowotworéw. W literaturze dostepne s3 wyniki badan
immunohistochemicznych, molekularnych i w modelu in vitro dotyczacych roli Ir w
najczesciej wystepujagcych w populacjach nowotworéw (rak ptuca, rak gruczotu

piersiowego i wielu innych).

Przeglad piSmiennictwa dotyczacy budowy Ir, funkcji jakg petni w procesach
metabolicznych, a zwtaszcza role jej ekspresji w procesach nowotworzenia zostat
przedstawiony w pracy poglagdowe]j opublikowanej w czasopismie Cells (Pinkowska i

wsp. The Role of Irisin in Cancer Disease. Cells 2021, 10, 1479).

Ir jest adipomiocytoking, zaangazowang w regulacje proceséw metabolicznych.
Wptywa takze na procesy zwigzane ze stanem zapalnym, obserwowanym w wielu
chorobach przewlektych, w tym nowotworowych. Obecnos¢ Ir wykazano w
komodrkach nowotworowych oraz surowicy krwi pacjentéw, w réznych typach
nowotworéw. Wyniki wielu badan wskazujg na zwiazki Ir z kancerogenezj
nowotwordéw (m.in.: raka gruczotu piersiowego, narzadu rodnego, kosci, ptuc,
gruczotu krokowego czy nowotwordow przewodu pokarmowego). Ponadto,
dowiedziono, ze Ir hamuje proliferacje, migracje i inwazje komérek raka gruczotu
piersiowego, ptuc, kosci, gruczotu krokowego w warunkach in vitro. Jest takze
zaangazowana w hamowanie przejscia epitelialno- mezenchymalnego (EMT), ktére

jest zwigzane z powstawaniem przerzutéw nowotworowych.

W dostepnej literaturze pojawito sie, jak dotad, niewiele badan wykazujgcych
zwigzek ekspresji Ir z parametrami kliniczno- patologicznymi w nowotworach
cztowieka. Ponadto, brakowato danych z badan prowadzonych na materiale raka
ptaskonabtonkowego krtani. Dlatego przedmiotem mojej pracy doktorskiej byta
préba okreslenia roli Ir w procesach kancerogenezy raka ptaskonabtonkowego

krtani.
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Do badan opublikowanych w pracy oryginalnej (Pinkowska i wsp. Irisin Association
with Ki-67, MCM3 and MT-I/Il in Squamous Cell Carcinomas of the Larynx.
Biomolecules 2022, 12, 52) zebrano materiat od pacjentéw, diagnozowanych i
leczonych na oddziale laryngologii Oddziatu Patomorfologii Wojewddzkiego Szpitala
im. J. Babinskiego we Wroctawiu i Katedry i Kliniki Otolaryngologii, Chirurgii Gtowy i
Szyi, Uniwersytetu Medycznego im. Piastéw Slaskich we Wroctawiu w latach 1997-

2003. Materiat do badan obejmowat:
1) 140 przypadkéw guzéw raka ptaskonabtonkowego krtani
2) 57 przypadkdéw brodawczakéw krtani

3) 14 przypadkéw tagodnych zmian przerostowych (guzy s$piewacze i obrzeki

Reinkego)- materiat kontrolny.

Woycinki pobrane od pacjentéw zostaty utrwalone w postaci bloczkéw parafinowych.
Na podstawie klasyfikacji TNM zatwierdzonej przez Miedzynarodowg Unie do Walki
z Rakiem (ang. UICC- The International Union Against Cancer) zostat okreslony

stopien ztosliwosci (G) oraz stadium zaawansowania klinicznego LSCC.

Z bloczkéw parafinowych wykonano mikromacierze tkankowe (ang. TMA - Tissue
microarrays). W celu oceny poziomu ekspresji badanych biatek w komérkach raka
krtani i zmian fagodnych przeprowadzono na skrawkach parafinowych reakcje
immunohistochemiczne (IHC) z wykorzystaniem poliklonalnych przeciwciat
kroéliczych skierowanych przeciwko Ir i mysich monoklonalnych skierowanych

przeciwko markerom proliferacji: Ki-67, MT-I/Il, MCM2, 3,5 7.

Na wykonanych preparatach obserwowano obecnos¢ pozytywnej reakcji IHC przy
uzyciu mikroskopu Swietlnego BX41 (Olympus, Tokyo, Japan). Obecnos$¢ Ir i MT-1/11
zaobserwowano w cytoplazmie. Poziom biatek zostat oceniony przy uzyciu metody
potilosciowej IRS wg. Remele i Stegner. Natomiast ekspresje markeréw proliferacji
Ki-67, MCM2, 3,57 obserwowano w jgdrze komérkowym. Do oceny ww. markerdéw
proliferacji uzyto skali procentowej. Otrzymane wyniki poddano analizie

statystycznej i korelacji z danymi kliniczno- patologicznymi.
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W celu potwierdzenia wynikéw badan IHC przeprowadzono badania molekularne w

modelu in vitro. Badania ekspres;ji Ir wykonano przy uzyciu:
1) komercyjnej linii komoérek raka ptaskonabtonkowego krtani 2 (HEp-2),
2) linii komdérkowej ludzkich keratynocytéw (HaCaT) - materiat kontrolny.

W celu okreslenia poziomu ekspresji Ir w wyzej wymienionych komdrkach
wykorzystano metode Western blot oraz reakcje immunofluorescencjne (IF) z

wykorzystaniem mikroskopu konfokalnego

Ocena reakcji IHC wykazata ekspresje Ir w obrebie tagodnych zmian przerostowych
nabtonka krtani, brodawczakéw, a takie w cytoplazmie komodrek raka
ptaskonabtonkowego krtani. Poziom ekspresji Ir byt wyzszy u pacjentéw z LSCC w
poréwnaniu do grupy kontrolnej (p=0.001). Ponadto, zaobserwowano takze wyzszg
ekspresje Ir w LSCC niz w brodawczakach (p<0.0001). Otrzymane wyniki badan
skorelowano z danymi kliniczno-patologicznymi. Sredni poziom ekspresji Ir byt
wyzszy w stadium | zaawansowania niz w stadium Il guza i ponownie rést w stadiach
llI-1V. Jednakze, istotna statystycznie rdzinica byta obserwowana tylko miedzy
stadium 1l, a llI-IV (p=0.0083). Zaobserwowano réwniez podwyzszony poziom
ekspresji Ir wraz ze wzrostem wielkosci guza (T), a réznica miedzy T1-2 i T3-4 byta
istotnie statystyczna (p=0.0348). Poziom ekspres;ji Ir w LSCC nieznacznie rést wraz ze
wzrostem ztosliwosci nowotworu (G). Jednakie, obserwowane rdznice nie
wykazywaty istotnosci statystycznej. Zauwazono takze zwigzek miedzy poziomem
ekspresji Ir, a przerzutami do weztdw chtonnych. Najwyziszg Srednig wartosc
ekspresji Ir zaobserwowano w grupie pacjentow bez przerzutéw do weztéw
chtonnych (NO). W przypadkach z przerzutami do weztéw chtonnych wnekowych i
Srodptucnych (N1) byta ona najnizsza i ponownie rosta w przypadkach z przerzutami
do weztéw srodpiersiowych (N2-3). Istotne statystycznie byly rdéznice miedzy
poziomami Ir w NO i N1 (p =0.0031), a takze pomiedzy NO i N2-3 (p=0.0457). Nie
zaobserwowano zwigzku miedzy dtugoscig przezycia catkowitego (0S), a poziomem
Ir u pacjentow z LSCC. W jadrach komoérek LSCC wykazano takze ekspresje markeréw
proliferacji Ki-67, MCM2, 3, 5i 7, a ekspresje MT-I/Il w cytoplazmie komérek LSCC.

Srednig dodatnig korelacje zaobserwowano pomiedzy poziomem ekspresji Ir, a
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antygenu Ki-67 (r=0.36; p<0.0001). Ponadto, stabg dodatniag korelacje wykazano
miedzy poziomami ekspresji Ir i MCM3 (r=0.25; p=0.0033). Srednig dodatnia
korelacje zaobserwowano réwniez miedzy poziomem ekspresji Ir, a MT-1/1l (r = 0.35;
p<0.0001) w LSCC. Natomiast, prezentowane w pracy badania przeprowadzone w
modelu in vitro, za pomocg metody Western blot i reakcji immunofluorescencyjnej,
wykazaty obecnosc¢ ekspresji Ir w obu liniach komérkowych. Wyzszy poziom ekspresji
Ir odnotowano w komarkach raka krtani HEp-2 niz w kontrolnych komdrkach HaCat.

Rdznica nie byfa istotna statystycznie.

Przedstawione wyniki badan sg pierwszymi badaniami wykazujgcymi obecnos¢ Ir w
LSCC. Pokazujg wyzszg ekspresje Ir u pacjentow z LSCC w poréwnaniu do grupy
kontrolnej (bez zmian nowotworowych). Wykazujg takze jej zwigzek ze wzrostem
guza i proliferacjg komoérek raka. Ponadto, niezwykle interesujgcy jest obserwowany
wyzszy poziom Ir w grupie pacjentow NO niz w grupie N1. Moze to wskazywaé na
potencjalng rolg Ir w procesie przerzutowania komérek nowotworowych.
Poréwnanie ekspresji Ir z czynnikami kliniczno-patologicznymi oraz uznanymi
markerami proliferacji wskazuje, na mozliwg role Ir zardwno w procesie

transformacji nowotworowej, jak réwniez progresji choroby LSCC.
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5. Summary

One decade after the discovery and description of irisin (Ir), the knowledge of its
role in carcinogenesis has still been incomplete. Currently, many studies are conducted
to determine the effects of Ir on proliferation, migration and epithelial-mesenchymal
transition (EMT) of cancer cells underlying metastasis. Immunohistochemical, molecular
and in vitro model study results connected with the role of Ir in the most prevalent cancers

(i.e. lung, breast and many other cancers) are available in the literature.

A review of the literature on the structure of Ir, the function it plays in metabolic
processes, and particularly the role of its expression in carcinogenesis was presented in a
review paper published in Cells (Pinkowska et al., The Role of Irisin in Cancer Disease.
Cells 2021, 10, 1479).

Irisin is an adipomyokine involved in the regulation of metabolic processes. It also
influences processes related to inflammation in many chronic diseases, including cancer.
The presence of Ir has been demonstrated in cancer cells and the blood serum of patients
in various types of cancer. The results of many studies indicate that Ir is associated with
the carcinogenesis of cancers (including breast, reproductive organ, bone, lung, prostate
or gastrointestinal cancers). In addition, Ir has been proven to inhibit proliferation,
migration and invasion of breast, lung, bone and prostate cancer cells under in vitro
conditions. It is also involved in the inhibition of epithelial-mesenchymal transition

(EMT), which is associated with metastasis.

In the available literature, there have been only some studies demonstrating the
association of Ir expression with clinical and pathological parameters in human cancers.
In addition, there was no data from studies on laryngeal squamous cell carcinoma
(LSCC). Therefore, the subject of the dissertation was an attempt to determine the role of

Ir in the processes of carcinogenesis of LSCC.

For the original paper, the material was collected from patients diagnosed and
treated at the Department of Pathomorphology of the J. Babinski Regional Hospital of
Wroclaw and the Department and Clinic of Otolaryngology, Head and Neck Surgery,
Wroclaw Medical University between 1997 and 2003 (Pinkowska et al., Irisin
Association with Ki-67, MCM3 and MT-I/11 in Squamous Cell Carcinomas of the Larynx.
Biomolecules 2022, 12, 52).
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The study material included:
1) 140 cases of LSCC
2) 57 cases of laryngeal papillomas

3) 14 cases of benign hypertrophic changes (vocal cord nodules and Reinke’s

edema) -control material.

The specimens obtained from patients were fixed in paraffin blocks. Based on the
TNM classification approved by the International Union Against Cancer (UICC), the
grade (G) and the clinical stage of LSCC were determined.

Tissue microarrays (TMAS) were performed from paraffin blocks. To assess the
expression levels of the proteins in laryngeal cancer cells and benign changes,
immunohistochemical (IHC) reactions were performed on paraffin sections using
polyclonal anti-irisin rabbit antibodies and mouse monoclonal antibodies against
proliferation markers, such as Ki-67, MT-I/1l, MCM2, 3, 5and 7.

A positive IHC reaction of Ir was observed using the BX41 light microscope
(Olympus, Tokyo, Japan). The presence of Ir and MT-1/11 was observed in the cytoplasm.
Protein levels were assessed using the semi-quantitative IRS method according to Remele
and Stegner. In turn, the expression of proliferation markers, such as Ki-67, MCM2, 3, 5
and 7, was observed in the cell nucleus. A percentage scale was used to evaluate the above
proliferation markers. The obtained results underwent statistical analysis and correlation

with clinicopathological data.

To confirm the IHC results, molecular studies were performed in an in vitro

model. Ir expression studies were performed using:
1) acommercial laryngeal cancer cell line Hep-2
2) human keratinocyte cell line (HaCaT) - control.

Western blot and immunofluorescence (IF) reactions using confocal microscopy

were used to determine the level of Ir expression in the above-mentioned cells.

Evaluation of IHC reactions showed Ir expression in benign hypertrophic changes
of laryngeal epithelium, papillomas, as well as in the cytoplasm of LSCC cells. The level

of Ir expression was higher in LSCC patients compared to controls (p=0.001). In addition,
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higher Ir expression was also observed in LSCC than in papillomas (p<0.0001). The
obtained findings were correlated with clinicopathological data. The mean level of Ir
expression was higher in stage | than in stage Il tumors and increased in stages I1-1V.
However, a statistically significant difference was observed only between stage Il and 111-
IV (p=0.0083). Elevated Ir expression levels were also found with increasing tumor size
(T), and the difference between T1-2 and T3-4 was statistically significant (p=0.0348).
The level of Ir expression in LSCC slightly increased with increasing tumor malignancy
(G). However, the differences did not show statistical significance. An association was
also found between the level of Ir expression and lymph node metastasis. The highest
mean value of Ir expression was noted in the group of patients without lymph node
metastasis (NO). It was lowest in cases with hilar and mediastinal lymph node metastasis
(N1) and increased again in cases with mediastinal node metastasis (N2-3). There were
statistically significant differences between Ir levels in NO and N1 (p=0.0031), as well as
between NO and N2-3 (p=0.0457). No association was observed between overall survival
(OS) and Ir levels in LSCC patients. The nuclei of LSCC cells also showed expression of
the proliferation markers, such as Ki-67, MCM2, 3, 5 and 7, and expression of MT-I/1l in
the cytoplasm of LSCC cells. The mean positive correlation was observed between the
expression level of Ir and Ki-67 antigen (r=0.36; p<0.0001). In addition, a weak positive
correlation was shown between Ir and MCM3 expression levels (r=0.25; p=0.0033). A
moderate positive correlation was also found between Ir expression levels and MT-1/11 (r
= 0.35; p<0.0001) in LSCC. In turn, the study conducted in an in vitro model using
Western blot and immunofluorescence reaction showed the presence of Ir expression in
both cell lines. Higher levels of Ir expression were noted in HEp-2 laryngeal cancer cells

than in control HaCaT cells. The difference was not statistically significant.

The presented results are the first studies showing the presence of Ir in LSCC.
They demonstrate higher Ir expression in LSCC patients compared to controls (without
cancer). They also show its association with tumor growth and cancer cell proliferation.
In addition, compared to the N1 group, a higher level of Ir in the NO patient group is
extremely interesting. This may indicate a potential role for Ir in the process of cancer
cell metastasis. The comparison of Ir expression with clinicopathological factors and
proliferation markers indicates a possible role of Ir in the process of tumor transformation

and progression of LSCC
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Abstract: Irisin (Ir) is an adipomyokine that is involved in the regulation of metabolic processes. It
also influences processes related to inflammation, including cancer. Initially, Ir was considered a
hormone secreted by skeletal muscles in response to physical exercise. Further studies showed that
Ir is also present in other healthy tissues, organs, and plasma. It influences the change in phenotype
of white adipose tissue (WAT) into brown adipose tissue (BAT). It increases mitochondrial biogenesis
and affects the expression of thermogenin (UCP1). This adipomyokine has also been found in
many tumor tissues and in the serum of cancer patients. Studies are underway to determine the
association between Ir and carcinogenesis. It has been confirmed that Ir inhibits in vitro proliferation,
migration, and invasion. It is involved in the inhibition of epithelial-mesenchymal transition (EMT).
Additionally, Ir affects the expression of the transcription factor Snail, which is involved in EMT, and
inhibits transcription of the gene encoding E-cadherin, which is characteristic of epithelial-derived
cells. Many studies have been performed to determine the role of Ir in physiological and pathological
processes. Further detailed studies should determine more precisely the effect of Ir on the body in
health and disease.

Keywords: Irisin; FNDC5; cancer; proliferation; migration; epithelial-mesenchymal transition

1. Introduction

Irisin (Ir) was first described in 2012 as a hormone released into the blood by skeletal
muscles in response to physical exercise. In their study, Bostrém et al. [1] found that an
increase in the expression of fibronectin type Il domain-containing protein 5 (FNDCS5, a
membrane protein) occurs under the influence of physical exercise in the muscle tissue. Fur-
ther transformation of FNDCS5 results in the formation of a new protein, known as Ir. This
process is controlled by the transcriptional coactivator peroxisome proliferator-activated
receptor gamma coactivator 1 alpha (PGCle). Bostrém et al. [1] assumed with high proba-
bility that other tissues could also be involved in the secretion of Ir. Multidirectional studies
on Ir confirmed the primary assumptions of its discoverers. In addition to the primary
localization, the expression of Ir has been found in other tissues and organs, i.e., in the
adipose tissue [2,3], cardiomyocytes [4], kidney [4], liver [4], skin [4], and cerebellum [5].

FNDCS5 is the precursor of Ir. In humans, this prohormone is encoded by the FNDC5
gene, which is located on chromosome 1 at position 35.1 (1p35.1). The FNDC5 gene consists
of six exons and five introns and spans 8.47 kbp [6]. Expression of this gene occurs under
the influence of peroxisome proliferator-activated receptor gamma coactivator 1 (PGClw),
and the FNDC5 protein (also known as Frcp2 and PEP) is the product of its expression
(Figure 1). The mass of the FNDC5 protein ranges from 20 to 32 kDa, and this difference is
related to post-translational modification [1]. FNDCS5 is composed of a 29-amino-acid signal
peptide, a 94-amino-acid fibronectin type IIl domain, a 28-amino-acid portion of unknown

Celis 2021, 10, 1479. https:/ /doi.org /10.3390 / cells10061479

https:/ /www.mdpi.com/journal/cells

23



6. Publikacje

Cells 2021, 10, 1479

20f22

function (most likely Ir proteolytic cleavage site), a 19-amino-acid transmembrane domain,
and a 39-amino-acid cytoplasmic domain [6,7].

FNDCS

- isin-fbronectaype i doman ==

cemage ste

2938 /9438 { yx- 1938 39
,f'/ cleavage ?

Y 5
= |
123 v

N-glycosylation
H \ H
asm3s Asnar
L4 L ) |
) O
N

AT GlcNAC

Glct

dimerization

s |
8 e

v v «

unknown

receptor °© .‘ a intergrin

Figure 1. Structure of FNDC5 and Irisin. FNDC5 is composed of a 29-amino-acid signal pep-
tide, a 94-amino-acid fibronectin type Il domain, a 28-amino-acid domain (potential site of prote-
olytic cleavage), a 19-amino-acid transmembrane domain, and a 39-amino-acid cytoplasmic domain.
The diagram also shows the glycosylation site of Irisin by the formation of a bond between N-
acetylglucosamine and the nitrogen originating from the amide group of asparagine (Asn36 and
Asn81) and subsequent dimerization of Irisin molecules. Irisin is a ligand for the integrin receptor.
Perhaps, it also works by attaching to another unknown membrane receptor.

Post-transcriptional processing of FNDCS5 results in the formation of four Ir isoforms
via alternative splicing. Isoform 1 (Q8NAU1-1) is used as a canonical sequence. The other
three isoforms, isoform 2 (Q8NAU1-2), isoform 3 (Q8NAU1-3), and isoform 4 (Q8NAU1-4),
have missing sequences of amino acids at positions 182-212, 1-75, and 1-75, respectively [8].
In addition, biochemical studies have shown that Ir can exist as a homodimer, and the
FNIII-like domain forms a continuous intersubunit B-sheet dimer [9]. Ir is formed as
a result of further modifications due to cleavage and glycosylation of the extracellular
domain of FNDC5 and contains 112 amino acids [1]. The molecular mass of Ir is estimated
at 12 kDa, although studies suggest that glycosylated Ir ranging from 20 to 32 kDa is also
secreted [3]. Initial studies showed remarkable conservation of Ir in mammals, which,
according to Bostrom et al. [1], implied its conserved function mediated by a cell surface
receptor. Further studies showed that human FNDC5 is a gene with an atypical start codon
to ATA (encoding isoleucine) instead of ATG (encoding methionine), which is present in
the gene in animals. According to these researchers, using this noncanonical start site is
associated with the generation of full-length protein, whereas the start of translation at the
ATG start codon results in the formation of a truncated isoform of Ir [10]. The occurrence of
Ir, which is secreted by skeletal muscles into human and mice plasma as a result of physical
effort, and its potential influence on metabolism have generated much controversy. The
criticism was mostly related to the research methods. Erikson [7] indicated that several
studies used antibodies that were irrelevant to Ir. Bostrom et al. [1] used a polyclonal
antibody against a peptide corresponding to C-terminal amino acids of the human FNDC5
(transmembrane segment) with no sequence from the Ir peptide. Similar objections were
reported by Albrecht et al. [11] who paid attention to the variety of available assays for
detecting and quantifying serum Ir. Due to their use, many studies were published in which
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serum Ir levels ranged from 0.01 to over 2000 ng/mL. Albrecht et al. [11] demonstrated that
the antibodies they analyzed in their study showed clear cross-reactions with proteins other
than Ir. Considering these concerns, some doubts occurred whether Ir was released into the
plasma following physical effort and whether it could be assigned physiological functions.
Jedrychowski et al. [12] performed the identification and quantitative assessment of human
Ir. Studies using mass spectrometry (MS) showed that human Ir was present and was
secreted into the circulation in association with physical effort. The quantitative levels of
human Ir circulating in the blood were also determined. Consideration was given to the
differences in concentration levels related to sedentary individuals (~3.6 ng/mL) and those
who underwent training (~4.3 ng/mL). The analysis using mass spectrometry was also
performed by Albrecht et al. [11] who detected a peptide that corresponded to FNDCS5 or
Ir. Of note, its apparently low level at the detection limit of the tested antibodies makes a
physiological role of Ir very unlikely

In addition to the reservations of Albrecht et al. [11], our doubts were also raised by
the presentation of the study results. Serum Ir levels of healthy controls and cancer patients
were presented in different units, i.e., pg/mL [13], pg/mL [14], and ng/mL [15]. Such
inconsistency makes it difficult to compare the results of different research teams. The
significant distribution of Ir levels may be influenced by the selection of the study group in
terms of the physical activity of the subjects, type, body shape, comorbidities, and the way
of sample collection and storage, which could be an additional factor affecting the stability
of serum Ir.

Many papers showed that Ir level increases with physical effort [1,16-18]. However,
other studies did not show a strong relationship between physical effort and the level of
circulating Ir [19-21]. There are also papers showing a baseline difference in Ir levels be-
tween physically active and inactive subjects [12], as well as between trained and untrained
individuals [22]. The form and the duration of physical exercise are also of significance.
Significant increases in serum Ir were found in response to vigorous physical effort af-
ter 1 week of training. However, no effect of vigorous physical exercise was reported
after 8 weeks of training [16]. The analysis of 74 studies from the MEDLINE database
conducted by Fatouros [23] showed that strength and endurance exercise represented a
potent stimulus for release of Ir if this exercise was characterized by adequate intensity
and duration. Animal studies suggested that Ir levels could also increase in response to
systematic training of low intensity.

However, most human studies have produced contradictory results. According to the
above research, the results might also be affected by the methodology of Ir measurement,
age of subjects, their conditioning status, and exercise intensity. The half-life and physic-
ochemical properties of Ir are determined by post-translational modifications, including
glycosylation. Glycosylation is one of the most common post-translational modifications,
and most membrane and secretory proteins undergo such modification. It involves the
enzymatic attachment of sugar residues via a glycosidic bond [24]. Tissue-specific and
cell-specific enzymes of the endoplasmic reticulum and the Golgi apparatus participate
in the glycosylation process. Proteins can be modified in the process of N-glycosylation
and /or O-glycosylation [25]. The N-glycans and O-glycans formed by glycosylation af-
fect the physicochemical properties of proteins, which determines their role in metabolic
processes [26]. N-Linked glycoproteins are created by the formation of a glycosidic bond
between N-acetylglucosamine (GlcNAc) and the nitrogen originating from the amide group
of asparagine (Asn) in the sequence Asn—X-Ser/Thr (X being any amino acid except pro-
line) [24,25]. In oncogenesis, abnormal glycosylation is one of the key factors in tumor
development. Glycopeptides are involved in cancer cell signaling, migration, invasion,
and metastasis. In addition, they are involved in the relationship between the cell and the
extracellular matrix. They participate in angiogenesis and influence immune cells [27]. The
process of glycosylation of Ir is poorly understood. Nie et al. [28] showed that FNDC5 is
an N-glycan with two potential glycosylation sites (Asn36 and Asn81). In the same study,
they observed that inhibition of glycosylation decreased Ir secretion, reducing the stability
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of FNDCS5 and its half-life [28]. Glycosylation also increases the molecular mass of Ir [29].
Many research teams attempted to determine the role of Ir in metabolic processes, its impact
on tissues, and its potential influence on carcinogenesis. These processes may depend on
the course of Ir glycosylation. Different and sometimes contradictory study results related
to the effect of Ir on cells in the vitro model may also depend on whether glycosylated
or non-glycosylated Ir was used in studies. The comparison of study results of selected
research teams (Table 1) shows that researchers did not always accurately determine the
form of Ir. Ganon et al. [30] and Shi et al. [31] indicated that such a distinction is essential
for interpreting study results.

2. Irisin as a Ligand for Integrins

Due to the short half-life of Ir in the serum (about 20 min), Bostrom et al. [1] suggested
that Ir could interact through a cell surface receptor. The ability of Ir to form homodimers [9]
supports this hypothesis. Many studies show Ir as a protein that transfers information
between the muscle tissue and other tissues. Its role ideally corresponds to its name, which
is derived from the Greek goddess Iris, who was the messenger of the gods. Ir was shown
to increase the mass of bone [32]. It prevents bone mass loss and influences bone healing
in mice [33]. It also positively affects the mechanisms responsible for bone metabolism
in mice [34]. Research showing the effects of Ir on bone tissue resulted in a study on
its receptor.

Integrins are transmembrane proteins composed of «/f heterodimers, which are
bidirectionally activated by the cell membrane. Physiological processes involved in integrin
activation and ligand attachment determine cellular homeostasis. Abnormal activation
under pathological conditions allows cell migration to tissues and the extracellular matrix,
which initiates inflammatory processes and carcinogenesis [35].

Kim et al. [36] described the Ir receptor as a subset of integrin complexes. Ir was bound
to several integrin complexes and showed the highest affinity for «V/f5 integrin, which
was also confirmed by hydrogen—deuterium exchange/mass spectrometry (HDX/MS).
Furthermore, Ir activated integrin receptor-specific signaling, including focal adhesion
kinase (FAK), within 1 min of Ir being added to osteocytes. Moreover, integrin inhibitors
or antagonistic antibodies directed against integrin «cV /35 inhibited Ir signaling and its
further gene expression. Kim et al. [36] demonstrated that the Ir receptor formed a complex
of integrins, especially those containing &V integrin, at least in osteocytes and the adipose
tissue. Estel et al. [37] also showed that ay 35 integrins acted as a receptor for Ir on osteo-
cytes. The expression of ey 35 subunits increased in osteoclast cultures after administration
of Ir, and blocking the integrin complex with a neutralizing antibody completely sup-
pressed the activating effect of Ir on osteoclastogenesis. Oguri et al. [38] showed that CD81
formed complexes with oy 31 and ay 5 integrins, mediating the activation of integrin—
FAK signaling in response to Ir. CD81 molecules are markers of adipocyte progenitor cells
(APCs) and are involved in cold-induced brown adipose tissue lipogenesis, and their loss
causes glucose intolerance and insulin resistance. Bi et al. [39] found that Ir restored the
intestinal barrier function, which is lost due to ischemia, by binding to the ay 5 integrin
receptor and activating the AMPK-UCP2 pathway. In the same study, immunofluorescence
staining revealed the colocalization of Ir and ay B5 integrin after administration of Ir to cells
under hypoxia/reoxygenation conditions. According to Park et al. [35], the above studies
demonstrate that Ir is an oy 35 ligand and, thus, exerts its effects on tissues. However,
further studies are warranted to identify other membrane receptors for Ir.

3. Irisin as a Coordinator of Metabolic Processes

Exercise-induced Ir results in changes in the white adipose tissue (WAT) and induces
browning [1]. WAT, as an energy reservoir, is mainly a store of triglycerides, whereas brown
adipose tissue (BAT) is responsible for energy expenditure [26]. Uncoupling is a process in
which energy is released during the oxidation of respiratory substrates in mitochondria.
The uncoupling protein (UCP), also known as thermogenin, is a specific marker of BAT.
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UCPs are present in the inner mitochondrial membrane of all eukaryotic cells and are
protein complexes that function as proton pumps. By dissipating energy and releasing it
in the form of heat, UCP1 participates in the control of cell energy metabolism [40]. The
function of BAT is based on the conversion of energy provided with food into heat energy.

Heat generation, known as adaptive non-shivering thermogenesis, is controlled by
the adrenergic system and is related to the adaptation to life in cold climate conditions
in the case of hibernating and newborn mammals, including human neonates. Under
certain conditions (e.g., reduced temperature), it may also serve as a tool for regulating
metabolism. In active BAT, large amounts of glucose and lipids are combusted, and the
energy is dissipated in the form of heat. This is of great physiological importance to the
body due to its potential role as a natural mechanism for weight control [41]. BAT has a
beneficial effect on metabolism, whereas the traditionally perceived role of WAT is related
to energy storage and fatty-acid release. However, its metabolic function in the body is
more complex. WAT is essential for normal glucose homeostasis. Itis involved in producing
proinflammatory cytokines, some of which are involved in lipid metabolism, while others
are involved in vascular homeostasis. Its hormonal activity (secretion of leptin, adiponectin,
angiotensin, IL-6, resistin, and TNF-u«) induces insulin resistance, which is responsible
for the development of type II diabetes, thus linking diabetes to obesity. It promotes the
development of polymetabolic syndrome, hypertension, and hypercholesterolemia, which
results in cardiovascular complications, and it promotes cancer formation [42,43].

Transcription factors of the peroxisome proliferator-activated receptor (PPAR) family
are involved in adipose tissue differentiation. The participation of PGCl« (a coactiva-
tor of PPARYy-1 «), which is a transcription factor that controls UCP1 expression, is re-
quired for BAT formation. PGCl« is induced in the muscle tissue by physical exercise.
Bostrdm et al. [1] conducted a study that showed WAT browning (increase in UCP1 mRNA
expression of adipose cells) in mice subjected to physical activity. The results were con-
firmed in vitro using media conditioned by myocytes expressing PGCle. Further studies
showed an increase in FNDC5 mRNA expression, which was induced by exercise and a
significant increase in UCP1 mRNA induction in BAT cell cultures under the influence of
FNDC5 compared to the osteogenic protein (BMP-7), which was previously considered
an inducer of browning. Physical exercise also affects the hippocampus by regulating the
expression of the brain-derived neurotrophic factor (BDNF). This factor is a regulator of
neuronal survival and neurogenesis in adults [44].

Wrann et al. [45] showed that PGCl« overexpression increased FNCD5 gene expres-
sion in neurons. The increase in FNDC5 expression depends on the formation of the PGCla
transcriptional complex with estrogen-related receptor alpha (ERRw). The researchers
found that the expression of BDNF, FNDC5, and ERR« increased in the hippocampus due
to exercise and showed that FNDC5 was a regulator of BDNF gene expression in neurons.
Furthermore, they showed that BDNF in a feedback loop negatively regulated FNCD5
expression. Immunohistochemical (IHC) studies also showed an increase in UCP1-positive
adipocytes due to FNDC5 [1].

WAT browning induces the formation of the beige adipose tissue, which shows
UCP1 expression and phenotypically and functionally resembles BAT. It is involved in
controlling body temperature. It influences glucose and lipid metabolism, as well as energy
homeostasis. Additionally, it has endocrine functions [46]. It, which is secreted in response
to physical effort and stimulates an increase in UCP1 expression and its metabolic sequelae,
may play an essential role in maintaining metabolic homeostasis of the body. It improves
glucose homeostasis, lipid profile, and metabolic parameters. It is a promising predictive
marker of insulin resistance [47]. The effect of Ir on diseases associated with polymetabolic
syndrome has been widely studied, and its detailed presentation is beyond the scope of
this paper.
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4. Irisin in Cancer Proliferation Process

The aim of cancer cells is to form a tumor and create expansive forms capable of
metastasizing to other areas of the body. This is possible due to the potential of tumor cells
for unlimited growth, angiogenesis, or the inhibition of apoptosis. Many changes occur
in tumor cells during neoplastic transformation. These changes determine growth and
division and occur in the tumor microenvironment [48]. Tumor cells are characterized by
increased metabolism. Rapidly proliferating normal cells and cancer cells prefer anaerobic
harvesting of energy, converting glucose to lactate, even in the presence of oxygen. This
phenomenon is known as the Warburg effect [49]. An alternative way of obtaining energy
is provided by activated carcinoma-associated fibroblasts (CAFs) in the tumor stroma.
Under oxidative stress, they provide tumor cells with the necessary substrates for anabolic
processes using the Warburg effect. Due to the supplied substrates, cancer cells produce
energy, mainly through aerobic respiration. This phenomenon is known as the reverse
Warburg effect [50]. Ir influences cancer cell proliferation. Nowinska et al. [51] showed
that Ir expression was higher in stromal cells of non-small-cell lung cancer (NSCLC) and
increased in tumors with higher malignancy and higher staging, which could affect the
proliferation of NSCLC cancer cells.

The energy that is produced in the process of cellular respiration is necessary for
cell growth, migration, and differentiation, as well as the maintenance of constant body
temperature. Glucose is the essential substrate for these processes. Due to proto-oncogene
mutations and altered signaling pathways, tumor cells inhibit differentiation and use
increased glucose requirements mainly for survival, growth, and proliferation [50]. The
anaerobic respiration and high energy demand of tumor cells result in enhanced glycolysis
and increased glucose uptake by the cells, which is mediated by glucose transporters
known as GLUTs. Overexpression of membrane glucose transporters, including GLUTI,
has been observed in many malignancies, including breast, colorectal, salivary, and gastric
cancers [52]. Serine threonine kinase Akt, which is the main effector of phosphatidyli-
nositol 3-kinase PI3K, plays an essential role in modifying cancer cell metabolism. Akt
affects GLUT1 expression through activation of mammalian target of rapamycin kinase
(mTOR kinase) [53]. Previous studies on mice showed that Ir increased glucose tolerance
and uptake, as evidenced by GLUT4 translocation in skeletal muscle of diabetic mice.
Ir enhanced glucose utilization by increasing 5’ AMP-activated protein kinase (AMPK)
phosphorylation in myocytes and hepatocytes of diabetic mice in in vitro and in vivo
studies [54]. Uncontrolled tumor growth results in impaired blood supply and causes
hypoxia. Hypoxia-induced factors are produced under hypoxic conditions, including the
protein HIF-1«, which mediates many adaptive responses aimed at cell survival. HIF-1e
increases vascular endothelial growth factor (VEGF) expression by affecting the intensifica-
tion of neoangiogenesis and increased vascular permeability in the tumor. Under anaerobic
conditions, HIF-1a promotes the activation of oxygen-independent metabolic pathways,
including glycolysis by stimulating the expression of glucose transporters, which are crucial
for increased glucose uptake [55].

Activation of the PI3K/Akt pathway in an mTOR-dependent or -independent manner
influences an increase in HIF-1x expression [53]. Gaggini et al. [56] showed that FNDC5
mRNA overexpression in hepatocellular carcinoma (HCC) cells was associated with in-
creased gene expression of mediators of lipogenesis, transcription factors involved in
tumorigenesis, and proinflammatory cytokines, including TNF-« and IL-6. It was also
found that, in patients with HCC and tumor-enhanced lipogenesis, increased paracrine
production of FNDC5/Ir could compensatively inhibit lipid synthesis. Altay et al. [57]
reported a significantly increased FNDC5 expression in WAT and BAT in mice with induced
gastric cancer. Cancer development corresponded to an increase in FNDC5 expression in
the adipose tissue. In addition, a significant increase in serum Ir levels was demonstrated
in unhealthy mice. The increase in serum Ir levels was accompanied by increased levels
of TNF-oc and IL-6. It was also noted that increased Ir levels in the adipose tissue could
result in excess weight loss and cachexia in mice. In their in vitro study, Gannon et al. [30]
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demonstrated the inhibitory effect of Ir on the population size and migratory capacity
of malignant breast cancer cell lines. Furthermore, they demonstrated that Ir induced
apoptosis of malignant cells by inhibiting nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) activity. This may indicate a potential anti-inflammatory effect of
Ir against proinflammatory cytokines (i.e., TNF-«). The inhibitory effect of Ir on cancer cell
proliferation has also been demonstrated in other studies. Tekin et al. [58] found the an-
tiproliferative effect of Ir on prostate cancer cells in their in vitro study. Additionally, under
cell culture conditions, Shao et al. [59] and Fan et al. [60] demonstrated the antiproliferative
effect of Ir on lung cancer cells. Kong et al. [61] reported the inhibitory effect of Ir on the
proliferation of osteosarcoma cells, whereas Liu et al. [62] reported this effect on pancreatic
cancer cells. In addition to HIF-1«, other proinflammatory factors, transcription factors
(NF-kB, STAT3, TNF-«, IL-6), and chemokines promote tumor proliferation by enhancing
cancer cell survival, stromal remodeling, angiogenesis, and the metastatic process. The
process of cancer transformation also depends on the inhibition of apoptosis, which is
manifested by decreased expression of the tumor suppressor gene p53 [53]. Apoptosis
is also influenced by Akt, which directly participates in the phosphorylation of proapop-
totic proteins or indirectly affects transcription factors such as NFkB39 [53]. Shi et al. [31]
showed that Ir stimulated the proliferation of liver cancer cells under in vitro conditions by
activating the PI3K/ Akt pathway (Figure 2). The above study results are contrary to those
obtained by Gannon et al. [30]. In turn, Moon and Mantzoros [63], in their in vitro study,
showed no effect of Ir on the proliferation of endometrial, colon, thyroid, or esophageal
cancer cells. Many studies support the antiproliferative effect of Ir in an in vitro model.
The conflicting findings may be due to tissue and cell specificity of Ir, as reported by
Shi et al. [31] (Table 1).

Table 1. Summary of the results of Irisin levels in in vitro model studies.

Research Team

Cancer/Cell Lines

Irisin

Results

Reference Number

Moon et al. [63]

Endometrial (KLE, RL95-2)
Colon (HT29, MCA38)
Thyroid (SW579, BHP7
Esophageal (OE13, OE33)
KLE, RL95-2, HT29, SW579
BHP7, OE13, OE33-American
Type Culture Collection (ATCC,
Manassas, VA, USA)

MCA38, National Cancer
Institute, National Institute of
Health, Dr. Nicholas Restifo

Human recombinant Ir
Aviscera Bioscience (Santa
Clara, CA, USA) Phoenix
Pharmaceuticals (Burlingame,
CA, USA)

Ir levels:

5-10 nmol/L (physiological)
50-100 nmol /L
(pharmacological)

No impact of Ir on tumor cell
proliferation, adhesion, or number
compared to controls (p < 0.05)

[63]

Human recombinant
nonmodified Tr-INM

Reduced number of cancer cells
(INM), and migration (INM, IM)

Breast Cayman Chemical (Ann Arbor, Induction of tumor cell apoptosis
MCF-7
MDA-MB-231 ML USA) (INM)
Gannon et al. [30] Human recombinant modified Inhibition of NF-kB activity (INM) [301
MCEF-10a- control N
L - and active (glycosylated) Ir-IM Enhancement of the effect of Dox
(American Type Culture PlexBi S 1ls by Ir (INM at all
Collection; Manassas, VA, USA) extio on cancer cells by Ir (INM at a
v v (San Francisco, CA, USA) tested concentrations; IM at
Ir levels: 0.625-20 nM 1.0 pugM)
Prostate cancer Ir (Phoenix peptide, Antiproliferative effect
. LNCaP . c Decreased survival time of LNCaP -
3] o 58 >, 9 g
Tekin et al. [55] DU-145 i"l:""e‘i"gl (]:(Am fs’l"‘) cells at higher Ir levels (10-100 nM; 1581
PC3 : p<0.05p<001)

Shietal. [31]

Hepatocellular carcinoma
HepG2
SMMC7721

Human recombinant modified
and active (glycosylated) Ir-IM
PlexBio (San Francisco, CA,
USA)

Human recombinant
non-modified Ir-INM
CaymanChemical (Ann Arbor,
MI, USA)

Ir levels: 0.625-20 nM

Irincreased liver cancer cell
viability in all cell lines (IM, INM)
The Ir-IM-level of 2.5 nM
stimulated an increase in
migration and invasiveness of
HepG2 cells compared to controls.
This increase was statistically
significant

The level of modified Ir-IM of

2.5 nM significantly inhibited the
cytotoxicity of Dox
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Table 1. Cont.

Research Team Cancer/Cell Lines Irisin Results Reference Number
Lung cancer Ir at levels of 20-50 nM
A549 (NSCLC) significantly inhibited A549

Shao et al. [59]

NCI-H446 (SCLC)

Institute of Biochemistry and
Cell Biology, Chinese Academy
of Science, China

Ir levels: 0-50 nM

cell proliferation

Ir at levels >20 nM inhibited
migration and invasiveness of
A549 cells

159

Kong etal. [61]

Osteosarcoma

U20s

MG-63

American Type Culture
Collection (ATCC,
Manassas, VA, USA)

Ir levels: 0-200 ng/mL

Ir inhibited proliferation,
migration, and invasiveness of
U20S and MG-63 cells in a dose-
and time-dependent manner

[61]

Liuetal. [62]

Pancreatic cancer

MIA PaCa-2

Panc03.27

ATCC (Manassas, VA, USA)

Human recombinant
glycosylated E-Ir

Human nonrecombinant P-Ir
Sangon Biotech,

Shanghai, China

Ir levels: 0-100nM

Both Ir forms inhibited the growth,
migration, and invasiveness of
pancreatic cancer cells

[62)

& rnocs
& Irisin

£& Ir homodimer

metabolic processes’
4 glucose uptake
lipid metabolism

+ tumor proliferation

CAFs
LIRS
N )
3 \J
VO R

+tumor cell migration

LEMT,

t E-cadherin
+ N-cadherin

Figure 2. Potential roles of Irisin (Ir) in different signaling pathways and molecular processes
involved in cancer progression, proliferation, angiogenesis, apoptosis, hypoxia, metabolic changes,
and epithelial-mesenchymal transition (EMT) and migration of cancer cells. Ir has been observed
in cancer cells and is also expressed in cancer-associated fibroblasts. This protein is cleaved from
FNDCS5 prohormone and has the potential to affect the neighboring cells (paracrine) or the cells
from which it has been released (autocrine). Ir dimerizes and creates a homodimer with a beta
sheet positioned between monomers and binds as a ligand to the integrin receptor. Ir binding to
the receptor can affect many signaling pathways. Ir inhibits proliferation via the AMPK-mTOR
pathway and increases glucose uptake via GLUT4 incorporation into the cell membrane. Ir affects the
STAT3/Snail pathway, inhibits IL-6, and reverses EMT. Ir decreases the expression of N-cadherin and
increases the expression of E-cadherin. Snail is downregulated by Ir via decreased phosphorylation
of PI3K/ Akt.

5. Impact of Irisin on Epithelial-Mesenchymal Transition
5.1. Epithelial-Mesenchymal Transition as the Background of Metastatic Processes

Malignant tumors mainly originate from the epithelial tissue, which is well structured.
The cells are located on the basement membrane, form cell-cell junctions (known as
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desmosomes or nexus), show the expression of specific markers (i.e., E-cadherin), and
are polarized [64]. Tumor cells can spread either locally through a dynamic growth or
distantly. Metastasis is a multistep process that requires cancer cells to undergo changes
related to motility and the ability to migrate. This process describes the phenomenon of
epithelial-mesenchymal transition (EMT). Cell migration is possible due to its polarity
and signaling proteins (Rho family GTPases) that influence the remodeling of the cell
cytoskeleton via the formation of protrusions and the loosening of cell—cell junctions. [64]
Poor oxygen conditions in the tumor increase the expression of HIF-1a, which stimulates
VEGEF synthesis and angiogenesis, which is possible through the activation of the PI3K/ Akt
pathway [65]. Cell-secreted proteases (i.e., MMP proteins) digest the extracellular matrix
and allow tumor cells to penetrate the circulatory system [66]. A change in the cancer
cell phenotype is the result of EMT. These cells start to resemble mesenchymal cells. The
changes primarily involve the synthesis of many proteins. Surface proteins (E-cadherin)
responsible for forming cell-cell junctions (integrins) are replaced with proteins responsible
for migration and the loosening of these junctions. These include mesenchymal cell markers
such as N-cadherin, vimentin, a- SMA, and the Rho proteins. Altered protein synthesis
is determined by altered expression of transcription factors involved in the EMT process
(Snail, SLUG, Twist) [67].

5.2. Results of the In Vitro Model Indicating the Impact of Irisin on
Epithelial-Mesenchymal Transition

In an in vitro model, Shao et al. [59] showed the inhibitory effect of Ir on lung cancer
cell migration. In the same study, Ir inhibited the expression of N-cadherin and vimentin
and increased the expression of E-cadherin. In addition, the study showed the inhibitory
effect of Ir on PI3K/ Akt phosphorylation and the transcription factor Snail, which is the
major regulator of E-cadherin that is responsible for inhibiting its gene expression. Ir
alters EMT markers by inhibiting the PI3K/ Akt signaling pathway in lung cancer cells,
which, according to the authors, indicates its involvement in the inhibition of migration
and metastasis. The inhibitory effect of Ir on EMT markers was reported by Kong et al. [61]
In vitro studies showed that Ir inhibited the migration of osteosarcoma cells, thus reducing
its metastatic potential. IL-6 inhibits the expression of E-cadherin. In the above study, the
authors showed that Ir reversed the effect of IL-6 by increasing E-cadherin expression.
However, it has an inhibitory effect on the expressions of E-cadherin, vimentin, and MMP
proteins whose expression is stimulated by IL-6. In the same study, the authors also
demonstrated an inhibitory effect of Ir on the STAT3 signaling pathway and transcription
factor Snail, which are activated by IL-6 and are crucial for EMT of osteosarcoma. Similar
results were reported by Liu et al. [62] in an in vitro model using pancreatic cancer cells.
As in previous studies, Ir inhibited the migration and metastatic ability of pancreatic
cancer cells. In the same study, Ir was found to inhibit the mTOR signaling pathway by
activating AMPK, which is involved in the maintenance of cell energy homeostasis and is
also necessary for the initiation of EMT. Different experimental results were presented by
Shi et al. [31]. Under the influence of I, liver cancer cells increased their ability to migrate
and metastasize. Moreover, Ir activated the PI3K/ Akt signaling pathway. Figure 3 presents
a summary of the results of in vitro studies of the influence of Irisin on EMT.
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Figure 3. Irisin (Ir) inhibits PI3K/ Akt signaling pathway and the transcription factor Snail, which is
the major downregulator of E-cadherin gene expression. Ir reverses the effect of IL-6 by increasing E-
cadherin expression. Ir has also an inhibitory effect on the STAT3 signaling pathway and transcription
factor Snail, which are activated by IL-6 and are crucial for EMT. Ir increases the phosphorylation of
AMPK and decreases the phosphorylation of the downstream molecule of AMPK signaling (mTOR
pathway), which leads to the inhibition of the expression of transcription factors and the inhibition
of EMT.

6. Irisin and Its Potential Role in Cancer Therapy

The effect of Ir on doxorubicin (Dox) therapy was investigated by Gannon et al. [30].
The results of this study showed the inhibitory effects of Ir on the proliferation and mi-
gration of breast cancer cells (MDA-MB-231) in an in vitro model. Dox, which can be
used in breast cancer therapy, can cause many adverse effects, including cardiotoxicity.
In the above study, Ir increased the cytotoxic effect of Dox, while reducing its uptake by
tumor cells. Of note, Ir enhanced the cytotoxicity of Dox only in malignant cells (MCF-7)
without affecting nonmalignant cells (MCF-10a). Thus, Ir may enhance the efficacy of Dox
by affecting the reduction in its toxic effect on healthy cells, thus reducing the number of
complications of cancer therapy. Shi et al. [31] also analyzed the effect of Ir on Dox therapy
and showed that Ir reduced the cytotoxicity of Dox in liver cancer cells (HepG2). Further
studies are warranted to determine whether the inconclusive study results obtained by
different research groups are only related to the tissue specificity of Ir. These studies should
also determine its potential role in cancer therapy.

Fan et al. [60] investigated the potential effect of Ir on paclitaxel therapy, which is
used in many NSCLC treatment regimens. Silencing of FNDC5 decreased the sensitivity
of NSCLC cells to paclitaxel. However, cancer cells in patients who were given Ir before
treatment showed increased sensitivity to the drug, and they were characterized by higher
activity of proapoptotic cells (Bax, p53) and lower levels of antiapoptotic proteins (Bcl-2).
Fan et al. [60] concluded that the combined use of Ir and paclitaxel could be beneficial in
the treatment of NSCLC. Moreover, it may reduce the frequent phenomenon of increasing
resistance to paclitaxel in the late stage of chemotherapy.
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7. The Role of Irisin in Selected Cancer Diseases
7.1. Breast Cancer and Reproductive Tract Cancer
7.1.1. Serum Irisin Level in Patients with Breast Cancer

Provatopoulou et al. [13] showed lower serum Ir levels in cancer patients compared to
controls (Table 2). Furthermore, it was estimated that a one unit increase in serum Ir levels
resulted in the reduction in the risk of breast cancer by almost 90%. It was also shown that
Ir could be a breast cancer screening marker. At a cutoff point of 3.21 ug/mL, the sensitivity
and specificity were 62.7% and 91.1%, respectively. A positive correlation was found
between Ir level and the clinical stage of the tumor (S). No statistically significant correlation
was found with respect to tumor size (T), lymph node metastasis (N), and histological
malignancy of the tumor (G). Different results were obtained by Panagiotou et al. [68].
After analyzing the results of Provatopoulou et al. [13] Panagiotou et al. [68] paid attention
to different ELISA kits used by various investigators. They performed their study using
ELISA, which was previously validated using mass spectrometry by Jedrychowski et al. [12].
Panagiotou et al. [68] found elevated serum Ir levels in benign and malignant breast tumors.
No differences were found in Ir levels between benign and malignant tumors. However,
when Ir was used with omentin-1, which is an adipokine with the properties similar to
adiponectin, elevated Ir levels indicated tumor malignancy. Those authors explained
different results from Provatopoulou et al. [13] by the fact that a different ELISA kit was
used. Panagiotou et al. [68] reported that patients with benign breast lesions were not
enrolled in the previous study. The results were explained by unknown pathophysiological
phenomena occurring in malignant tumors. In addition, the authors showed a positive
correlation between Ir and Ki-67, which is a marker of cell proliferation. Ir levels also
increased with the grade of malignancy as described by the Elston—Ellis score and were
higher in patients with a positive estrogen receptor (ER*). The researchers expressed
the opinion that their findings indicated the possible involvement of Ir in breast tumor
formation from benign lesions to malignant progression, which makes Ir a promising
diagnostic and prognostic marker. In turn, Zhang et al. [15] analyzed patients with breast
cancer and spinal metastasis. Their results showed that serum Ir levels were higher in
patients without metastasis (M0). Furthermore, the presence of serum Ir was shown to be
associated with a protective effect against the occurrence of spinal metastasis. Additionally,
a positive correlation was found between serum Ir levels and BMI of patients, which could
suggest that a higher amount of body fat in female patients was associated with a higher
release of Ir into the serum. This suggests that the study group should be matched in terms
of BMI to exclude the influence of Ir which is expressed and released from adipocytes. It
may explain the opposite results when the immunohistochemical (IHC) method was used,
in which Ir expression was analyzed only in the tumor tissue.

Table 2. Summary of the study results of Irisin levels in human plasma detected by ELISA.

Research Team

Study Method

Results

Study Group

Reference Number

Provatopoulou et al. [13]

ELISA (AdipoGen International,
Liestal, SW); results expressed
as ug/mL

Lower serum levels of Ir in
patients compared to the
control group

(2.47 + 0.57 (mean + SD) vs.
3.24 + 0.66 (mean + SD))

p <0.001

101 female patients with
invasive ductal breast cancer
51 healthy women (the
control group)

[13]

Gaggini et al. [56]

ELISA (Adipogen AG, Liestal,
Switzerland); results expressed
as ug/mL

Plasma Ir levels did not differ
between HCC patients

and controls

(3.56 + 0.2 (mean + SEM) vs.
4.4 + 0.15 (mean + SEM))
p=0749

18 patients with HCC
18 deceased donors

[56]

Shietal. [31]

ELISA (USCN life Science,
Wubhan, China); results
expressed as pg/mL

Plasma Ir levels were not
different between HCC patients
and controls

20 patients with HCC

[31]
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Table 2. Cont.

Research Team

Study Method

Results

Study Group

Reference Number

Altay etal. [14]

ELISA (USCN, Life Science Inc.,
Catalog No. USCN-E82576Hu,
PR. China); results expressed as
pg/mL

Higher FNDC5/Ir levels in
renal tumor patients compared
to the control group

(208 + 97 (mean + SD) vs.

110 + 79 [mean =+ SD)

p = 0.0001

23 patients with renal tumor
25 healthy individuals

[14]

Zhang etal. [15]

ELISA (Aviscera Biosciences,
Santa Clara, CA, USA); results
expressed as ng/mL

Higher Ir levels in patients
without spinal metastases
(7.60 £ 3.80 (mean + SD) vs.
6.10 + 2.62 (mean + SD))
p=0.012

148 patients with breast
cancer, including 53 subjects
with spinal metastasis

Zhuetal. [69]

ELISA (USCN Life Science Inc.,
Wuhan, China); results
expressed as pg/mL

Lower Ir levels in patients with
colorectal cancer and normal
weight compared to controls
(0.17 + 0.01 (mean = SD) vs.
0.22 + 0.01 (mean + SD))

p <0.05)

76 patients—38 patients with
colon cancer and 38 subjects
with rectal cancer

40 healthy controls

[69]

Aslan et al. [70]

ELISA (Y1 Biont Biotech Co.
Shanghai, China); results
expressed as pg/mL

Mean Ir level was lower in
prostate cancer patients
compared to controls

(6.92 + 2.44 (mean + SD) and
13.5 4 6.21 (mean + SD))
p<0.05

50 patients with primary
prostate cancer
30 healthy male subjects

[70]

Esawy and Abel [71]

ELISA (Bio Vendor Laboratory
Medicine, Brno, Czech
Republic) [Catalog No.
RAGO18R]; results expressed as
ug/mL

Lower Ir levels in patients with
bladder cancer compared to
controls

(1.07 (0.51-1.96) (mean =+ SD) vs.

1.8 (0.5-2.44) (mean =+ SD))
p<0.001

75 patients with
bladder cancer
75 healthy subjects

[71]

Pazgan-Simon et al. [72]

ELISA (Bio Vendor-
Laboratorini Medicina a.s.
catalog No. RAG018R); results
expressed as pg/mL

Lower Ir levels in HCC patients
compared to controls

(2,52 + 1.14 (median + SD) vs.
4.46 -+ 1.34 (median - SD))
p=0.02

69 patients with cirrhosis and
hepatocellular carcinoma

24 patients with

non-viral cirrhosis

20 healthy volunteers

[72]

SD—standard deviation, SEM—standard error of mean.

7.1.2. Irisin Tissue Expression Levels in Patients with Breast Cancer and Reproductive

Tract Cancer

Kuloglu et al. [73] performed IHC reactions which showed no Ir expression in normal

breast tissue. However, Ir expression levels were significantly higher in invasive lobular
carcinoma, intraductal papillary carcinoma, invasive ductal carcinoma, invasive papillary
carcinoma, and mucinous carcinoma compared to healthy breast tissue. As opposed to the
mammary gland, normal luteal cells in the ovarian region showed Ir expression. Positive
IHC was found for ovarian endometrial cancer. Low Ir expression was found in mucinous
ovarian cancer tissues, as well as in atypical endometrial proliferation. High levels of
Ir expression were noted in benign endometrial proliferation and in cervical squamous
cell carcinoma.

Further studies are warranted to determine the relationship between serum Ir levels
and its expression in the tissue, as there is no available research on their relationship.
The lack of knowledge about the receptor in the mammary gland tissue does not allow
understanding of Ir transport from the serum to the tissue or vice versa. Different results
obtained by various research teams may also be due to the lack of validation of the ELISA
assays, as well as differences related to the study design and patient selection. However,
the above findings indicate that Ir may be a promising biochemical marker that is a
complement to screening for breast cancer. The analysis of the above studies showed that
decreased serum Ir levels in women could indicate the occurrence of breast cancer and its
distant metastasis.

Moreover, determination of Ir expression by IHC in biopsy material may be helpful to
determine the occurrence of not only breast cancer, but also cancers of the reproductive
tract. However, it is necessary to examine the relationship between Ir expression in the
cancer tissue and clinicopathological factors, as was done in the case of its serum levels.
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Studies also indicate potential protective effects of Ir and the possibility of its use in
targeted therapy.

7.2. Irisin in Prostate, Kidney, and Bladder Cancer

Aslan et al. [70] compared serum Ir levels in prostate cancer patients and healthy male
subjects. Prostate-specific antigen levels (PSA) were significantly higher in prostate cancer
patients compared to controls. The opposite trend was found in the case of serum Ir levels
in cancer patients in whom these levels were decreased compared to healthy male subjects.
However, no differences were found in Ir levels in patients from different groups based on
the Gleason classification. The results of the above study indicated that Ir could be a useful
diagnostic biomarker, which could be used as an adjunct to diagnosis using PSA.

Esawy and Abdel-Samd [71] investigated serum Ir levels in bladder cancer (BC) pa-
tients. They showed lower serum Ir levels in patients with BC compared to the control
group. At the cutoff level of Ir < 1.2 ug/mL, the sensitivity and specificity were 74.7% and
99.7%, respectively. No differences were found in the concentrations of biochemical param-
eters, i.e., fasting glucose, triglycerides, HDL, and LDL cholesterol in BC patients except
for total cholesterol, which was significantly lower in the patient group. Ir levels correlated
positively with BMI of patients and negatively with cholesterol levels. The association
between Ir levels and grades of histological differentiation (G) was also investigated. Ir
level was significantly lower in G3 compared to G1 and it also significantly decreased in
the subsequent clinical stages of BC (S). The 1 year mortality rate in patients with high Ir
levels was 5% compared to 38.2% in patients with low Ir levels. Patients with high Ir levels
had significantly higher overall survival (OS) rates than patients with low Ir levels. The
authors of the study concluded that Ir could be both a helpful marker in the diagnosis of
BC and could also act as a prognostic factor for the survival of BC patients.

Altay et al. [14] showed higher serum Ir and carcinoembryonic antigen (CEA) levels
in renal cancer patients compared to controls. Ir level had higher sensitivity and specificity
compared to CEA level, which is a recognized cancer marker of endodermal and ectodermal
origin. The authors of the study were cautious in formulating a thesis about the usefulness
of Ir in the diagnosis of renal cell carcinoma. The study was conducted on a small patient
population (1 = 23). This may be the reason why those researchers had different results
from those obtained in other urinary tract cancers.

Further studies are warranted on larger patient populations to confirm the results.
A study on a much larger patient population was conducted by Kuloglu et al. [74] who
analyzed kidney cancer tissues using IHC. Ir was not found in clear cell or papillary renal
cell carcinomas. Significantly decreased Ir levels were noted in chromophobe renal cell
carcinoma samples. No differences were found in the level of Ir expression in benign
oncocytoma than healthy tissues, which indicates that investigation of Ir expression levels
may be a useful test for differentiating benign lesions from renal cancer.

The above studies support the thesis about the usefulness of Ir in the diagnosis of
urinary tract cancers. Investigation of serum Ir levels may support the diagnosis as an
adjunct to the assessment of PSA level in prostate cancer and CEA level in renal cancer.
In addition, the study results indicated a protective effect of Ir and higher mortality rates
in patients with decreased Ir levels. This molecule can be used as a prognostic factor in
BC. Studies on tissues and serum are available only in the case of renal cancer. Studies
on material obtained from the same patients are necessary due to the inverse relationship
(i.e., elevated serum Ir levels and decreased Ir expression in renal cancer tissue). So
far, only the assessment of Ir expression using IHC has seemingly been useful for renal
cancer differentiation.

7.3. Irisin in Gastrointestinal Cancers

Zhu et al. [69] compared serum Ir and the activating transcription factor (ATF3) levels
in patients with colorectal cancer (CRC) who were overweight, obese, or of normal weight.
Patients with normal weight had lower Ir levels than controls. No differences were found
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in serum Ir levels or FNDC5 mRNA expression in the adipose tissue of CRC patients with
normal or abnormal weight. However, higher serum ATF3 levels were found in patients
with normal and abnormal body weight. Moreover, Ir levels were positively correlated
with triglyceride levels in CRC patients and controls. After adjusting for age, sex, BMI,
and other biochemical parameters, high Ir levels reduced the risk of developing CRC by
78%, whereas high ATF3 levels increased the risk of developing this cancer. At the cutoff
value for 0.46 ng/mL for ATF3, the sensitivity and specificity for the discrimination of CRC
were 74% and 65%, respectively. At the cutoff value of 0.19 pg/mL for Ir, the sensitivity
and specificity for the discrimination of CRC were 63% and 65%, respectively. When ATF3
and Ir were included in the analysis, the sensitivity and specificity were 73% and 80%,
respectively. Therefore, combining ATF3 and Ir in the diagnostic process may increase the
accuracy of CRC diagnosis.

Pazgan-Simon et al. [72] examined serum Ir and betatrophin levels in patients with
cirrhosis and HCC. Ir levels were decreased in patients with HCC, whereas no significant
differences were found in patients with cirrhosis compared to controls. However, betat-
rophin levels were higher in HCC and cirrhosis patients compared to the control group.
Moreover, Ir levels were significantly decreased in more advanced stages of HCC (A vs.
C according to the Barcelona Clinic Liver Cancer (BCLC)) and more advanced stages of
cirrhosis (A vs. B according to the Child—Pugh score (C-P score)). The above studies
indicated that Ir could have a protective effect, and its low level promotes faster fibrosis
and tumor progression.

In gastrointestinal cancers, Ir was lower in the analyzed papers except for one study.
Shahidi et al. [75] reported higher serum Ir levels in gastric cancer (GC) patients compared
to controls. According to these authors, Ir could be a valuable biomarker in the early
detection of GC. However, the small sample size was the limitation of the study. In
turn, the findings of Shahidi et al. [75] are in line with the analysis of Ir levels in tissue
material conducted by Aydin et al. [76] The researchers performed Ir detection with THC
using tumor fragments from patients with gastrointestinal cancers which were compared
to healthy tissues. Aydin et al. [76] also found positive THC reactions for Ir detection
in healthy gastric, esophageal, colon, hepatic, and pancreatic tissues. They observed
higher Ir expression in gastric adenosquamous adenocarcinoma, gastric neuroendocrine
carcinoma, and gastric signet-ring cell carcinoma. The expression of Ir in gastric signet-
ring cell carcinoma was higher than that in gastric neuroendocrine carcinoma and gastric
adenosquamous adenocarcinoma. This cancer is characterized by a significant presence
of mucin in the cell cytoplasm [77]. However, Altay et al. [57] did not demonstrate Ir
expression in healthy gastric tissues or experimentally induced GC in mice. However, their
study showed higher Ir levels in WAT and BAT in GC mice compared to controls and an
increase in Ir expression in both adipose tissues with cancer progression.

Furthermore, the increase in Ir levels in the adipose tissue corresponded to the increase
in serum Ir levels in diseased mice. Perhaps a similar mechanism also occurs in humans,
which could explain the results obtained by Shahidi et al. [75] in patients with GC. The
mechanism of the relationship between cancer and the increase in FNDC5 mRNA expres-
sion in the adipose tissue and the increase in serum Ir levels is unknown. The authors
of this study suggested that the autocrine effect of Ir on the adipose tissue may result in
weight loss in diseased mice and underlie cancer cachexia.

Aydin et al. [76] also analyzed other types of gastrointestinal cancers. They found
that Ir expression in esophageal epidermoid carcinoma, esophageal adenocarcinoma, and
esophageal neuroendocrine carcinoma was higher than in the healthy tissue. The level of
Ir was not significantly different in various histological types of esophageal cancer. The
researchers also demonstrated increased Ir expression in colon adenocarcinoma and colon
mucinous adenocarcinoma. The intensity of the IHC reaction was similar for these two
cancers. In intralobular and interlobular ducts of cancerous pancreatic tissue, Ir expression
was also higher than in the healthy tissue. However, the results related to HCC are
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inconclusive. Although the healthy liver tissue showed the presence of Ir in hepatocytes,
the researchers found no difference between Ir expression levels in HCC and healthy tissue.

Different study results were obtained by Zhang et al. [78]. They demonstrated de-
creased FNDC5 mRNA expression in tissues obtained from HCC patients, as well as
decreased serum Ir levels in patients before hepatectomy. However, Gaggini et al. [56]
showed overexpression of FNDC5 mRNA in HCC patients. However, no differences were
found between serum Ir levels in HCC patients and healthy controls. Similar results were
obtained by Shi et al. [31], who found an increase in FNDC5 gene expression in HCC tissues
and no differences between serum Ir levels in HCC patients and healthy controls. Accord-
ing to Gaggini et al. [56], no relationship between FNDC5 gene expression in the tumor
tissue and the protein level is very common and could be related to post-transcriptional and
post-translational events (such as protein half-life, protein damage, or degradation). Recent
studies have also indicated that the liver and kidney may be involved in the clearance and
metabolism of Ir.

The above studies demonstrate a potential role of Ir in the diagnosis of gastrointestinal
cancers. Most studies indicate an increased Ir level in tumor tissues compared to healthy
tissues in patients. However, there have been no studies on its association with clinico-
pathological factors. Studies on a mouse model indicated no relationship between the
expression of Ir protein in the tissue and its serum levels. However, there are no such
studies on patient material. Contradictory results are related to hepatic cancers. They may
be associated with the participation of the liver in Ir metabolism. Further studies are war-
ranted to clarify these issues. They should consider larger patient populations and critical
remarks related to methodology and patient selection for studies. Differences in circulating
serum Ir levels may be related to the fact that it is released by many tissues (muscle tissue,
adipose tissue), which was confirmed by a study using a mouse model. Moreover, the final
Ir level may depend on systemic or local expression. Another reason which has already
been indicated in this paper may be the presence of monoclonal antibodies used in ELISA
kits, whose sensitivity and specificity have been questioned in many studies [7,11,56].

7.4. Irisin in Lung Cancer

To date, only two studies have been conducted on lung cancer, including one using an
in vitro model only. However, Nowinska et al. [51] conducted a study on a significantly
larger population (1 = 729) than other studies related to different cancer types. The results
of their study showed Ir expression in NSCLC cells and stromal cells. Expression of Ir in the
stromal cells has not been reported in any other type of cancer. This can be characteristic
only of lung cancers. Ir levels were higher in cancer cell cytoplasm and stromal cells in
adenocarcinoma compared to squamous cell carcinoma. Higher expression of FNDC5
mRNA in NSCLC tissues was confirmed by molecular studies (RT-PCR). Using laser
capture microdissection (LCM), cancer cells and tumor cells were very precisely collected.
It was shown that the expression of FNDC5 mRNA from NSCLC tissues in stromal cells was
higher than that in cancer cells. No Ir expression was found in normal lung tissue except
for lung macrophages. In addition, Nowinska et al. [51] showed an association between
Ir expression levels in tumor cells and clinicopathological parameters. In tumor cells, Ir
expression levels were decreased with higher grades (G) of malignancy and in larger tumors
(T). Changes in Ir expression were also observed in relation to lymph node metastases.
The expression level of Ir in tumors with mediastinal lymph node metastasis (N2) was
higher than that in the group without lymph node metastasis (N0) and in the group with
hilar and mediastinal lymph node metastases (N1). No association was found between
Ir expression in tumor cells and overall survival (OS). Those researchers also analyzed
the relationship between Ir in tumor stromal cells and clinicopathological parameters.
The level of Ir expression increased in advanced pT status. They also showed a positive
correlation between Ir expression in stromal cells and the level of Ki-67 antigen in cancer
cells. Those authors suggested that Ir expression in stromal fibroblasts could influence
NSCLC cell proliferation. This is also supported by shorter survival of patients with higher
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Ir expression in NSCLC stromal cells. Higher Ir expression was demonstrated in patients
with distant metastases (M1) compared to nonmetastatic patients (M0). Furthermore,
the study results confirmed that Ir expression in stromal cells might be an independent
prognostic factor.

The role of Ir in lung cancer has not yet been fully understood. Nowinska et al. [51]
were the first to describe Ir in the context of lung tissue and lung cancer. An earlier study
by Shao et al. [59], who used an in vitro model, demonstrated the inhibitory effect of Ir
on lung cancer cell proliferation, migration, and invasion by inhibiting the PI3K/Akt
pathway. Furthermore, Ir can reverse the EMT process by inhibiting the expression of the
transcription factor Snail. Studies using tissues collected from lung cancer patients also
indicated its association with cell proliferation and lymph node and distant metastases.
However, the mechanism present in the tissues obtained from patients appears to be more
complicated due to a significant impact of Ir expression in the tumor stroma on disease
progression. The authors suggested that high Ir levels in cancer cells during the first
stage of the disease could be related to changes in their metabolism and mitochondrial
biogenesis. However, in later stages of the disease, Ir expression may be inhibited due
to the impact of Ir on UCP1 expression and ATP synthesis reduction. A decreased ATP
level is associated with activation of AMPK and inhibition of the mTOR pathway. The
AMPK-mTOR pathway plays an important role in cell proliferation. However, further
studies are warranted to explain the mechanism of how Ir affects cancer cells. Additionally,
there have been no studies related to the assessment of serum Ir levels in patients with
lung cancer.

7.5. Irisin in Thyroid Cancer

Ugur et al. [79] conducted a study on different histological types of thyroid carcinomas
and compared them to healthy tissue. Ir expression was assessed using IHC, and Ir levels
were measured using ELISA. Tissue samples were homogenized. Ir expression was slightly
increased in patients with papillary thyroid carcinoma (PTC) and significantly increased in
oncocytic papillary thyroid carcinoma (OPTC) and anaplastic thyroid carcinoma (ATC).
However, no differences were found in follicular thyroid carcinoma (FTC). Ir expression
was higher in the tissues of patients with oncocytic follicular thyroid carcinoma (OFTC)
than in FTC. No Ir immunoreactivity was found in the tissues of patients with medullary
thyroid carcinoma (MTC). The assay using ELISA confirmed the IHC results. Those authors
indicated that most oncocytic follicular cells have a structure similar to Hiirthle cells (HCs).

On the other hand, HC metaplasia is an important feature of chronic lymphocytic
thyroiditis (Hashimoto’s thyroiditis; HT) [80]. HCs have many mitochondria and are
associated with energy production. Ugur et al. [79] demonstrated increased Ir expression
in oncocytic carcinomas and tissues obtained from HT patients. The researchers concluded
that the thyroid tissue rich in HC (in other words, rich in mitochondria) produced more
heat and caused the death of oncocytic cells, which occurred due to increased Ir levels in
oncocytic tumors and increasing concentration of UCP1 in mitochondria. PTCs and FTCs
with fewer mitochondria and lower Ir expression generated less heat and were perhaps
more clinically aggressive than oncocytic variants. Additionally, Ugur et al. [79] found sup-
pressed Ir expression in MTCs. The more aggressive course of these cancers may be due to
decreased Ir synthesis, which may show a protective effect, as reported by those authors. Ir
is a promising biomarker which is useful for differentiating oncocytic variants of OPTC and
OFTC from non-oncocytic forms of PTC and FTC. Ir may mediate thyroid carcinogenesis
and participate in oncocytic cell apoptosis through increased heat production.

7.6. Osteosarconia

Cheng et al. [81] showed a decreased level of FNDC5/1Ir in serum and tissues of
osteosarcoma patients. The researchers also performed in vitro studies using osteosarcoma
U208 cell lines and found that Ir inhibited U20S cell viability in a concentration- and time-
dependent manner and could inhibit tumor cell migration and invasion. The microRNA
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Figure 4. The figure shows the comparison between serum Irisin levels and IHC Irisin expression levels in different types

of cancers.

Osteocytes control skeletal remodeling by inducing osteoclastogenesis and inhibiting
osteogenesis. Kim et al. [36] showed that deletion of FNDC5 inhibited bone resorption
by blocking the increase in the number of osteoclasts, thus preventing the loss of bone
mass. Other findings were obtained by Colaianni et al. [33] who reported that Ir which was
given to mice with osteoporosis prevented bone mass loss and induced bone regeneration.
Moreover, it was found that Ir protected against the loss of muscle mass in immobilized
mice. Kim et al. [36] suggested that Ir could affect bone resorption and remodeling when
dosed appropriately. Parathormone (PTH) shows a similar effect. Peritumoral osteolysis
is essential in the development of osteosarcoma. Osteoclast activity leads to bone degra-
dation and the release of protumor factors, such as insulin-like growth factor 1 (IGF1) or
transforming growth factor-p (TGF-f), which enhance osteosarcoma cell proliferation [83].
Cheng et al. [81] indicated a protective role of Ir in the proliferation and metastasis of
osteosarcoma. These authors indicated that Ir could be used for osteosarcoma therapy in
the future.

8. Conclusions

Irisin has been described relatively recently in the literature as a myokine released by
skeletal muscles under the influence of physical exercise. It soon became evident that Ir
expression is also present in other tissues, including normal and abnormal tissues such
as cancer tissues. Many studies have been conducted to determine the role of Ir in both
physiological and pathological processes.
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Studies on animal models and cell lines are underway. They are related to the role of Ir
in cancer disease, including many types of malignancies, i.e., breast, lung, gastrointestinal,
reproductive tract, and bone cancers. The recent studies mostly showed an inhibitory effect
of Ir on the proliferation, migration, and invasiveness of cancer cells. They also indicated
the inhibitory effect of Ir on the processes related to EMT, which is crucial for cancer cell
metastasis. The conflicting results found in gastrointestinal cancers are probably due to
the tissue specificity of Ir, and further studies are warranted in this respect. Additionally,
molecular studies which use both tumor tissues and serum of patients are also being
conducted. Serum Ir levels are different in cancer patients. They decrease or increase in
patients with breast cancer, increase in patients with renal cancer, and remain stable in
patients with liver cancer. The observed differences may be due to the release of Ir by
different tissues, and its level is the result of local and systemic production. It may also
result from the circulation of Ir isoforms and the type of assays used to detect it. Lastly,
the most important issue is related to the structure and occurrence of the receptor for Ir.
Additionally, cancer stromal cells show the expression of Ir. Their role in promoting tumor
proliferation seems particularly interesting. Ir also shows therapeutic potential. However,
further studies are warranted to determine its effect on Dox therapy.

To conclude, many studies have been conducted to determine the role Ir plays in
the body in health and disease. Small sample sizes, the lack of correlations between the
study results and clinicopathological factors, and studies using only animal models or
in vitro experiments were some of the identified limitations, as admitted by the researchers
themselves. Comprehensive studies defining the role of Ir in pathological processes and in
the development of cancer could show its real usefulness in disease prevention, diagnosis,
and treatment.
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Abbreviations

Ir Irisin

FNDC5  fibronectin type III domain-containing protein 5

WAT white adipose tissue

BAT brown adipose tissue

ucr uncoupling protein

UCP1 uncoupling protein 1

PPAR peroxisome proliferator-activated receptor

PGCla  peroxisome proliferator-activated receptor gamma coactivator 1 alpha
FAK focal adhesion kinase;

BMP-7  bone morphogenetic protein 7

CAFs cancer-associated fibroblasts

GLUT glucose transporters;

HIFs hypoxia-inducible factors

VEGF vascular endothelial growth factor

NF-kB  nuclear factor kappa-light-chain-enhancer of activated B cells
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Akt protein kinase B (PKB)

PI3K-3  phosphatidylinositol 3-kinase;

mTOR  mammalian target of rapamycin kinase
AMPK  5'AMP-activated protein kinase

MMP matrix metalloproteinase

EMT epithelial-mesenchymal transition
«-SMA  alpha-smooth muscle actin

NSCLC  non-small-cell lung carcinoma

SCLC small-cell lung carcinoma
DOX doxorubicin
INM human recombinant nonmodified irisin
M human recombinant modified and active (glycosylated irisin)
HCC human hepatocellular carcinoma;
DCIS ductal carcinoma in situ
CEA carcinoembryonic antigen
RCC renal cell carcinoma
ccRCC  clear cell renal cell carcinoma
CRC colorectal cancer
0s overall survival
PTC papillary thyroid carcinoma
FTC follicular thyroid carcinoma
OPTC oncocytic variant of papillary carcinoma of the thyroid
OFTC oncocytic variant of follicular carcinoma of the thyroid;
BC bladder cancer
GC gastric cancer
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Abstract: Background: Current studies indicate irisin role in carcinogenesis. The aim of the study
was to investigate the expression of irisin in LSCCs and to determine its association with clinicopatho-
logical factors, as well as recognized markers of proliferation, i.e., Ki-67 and MCM3,5,7 and MT-1/1I
proteins. Material and methods: The research material consisted of 140 cases of LSCCs, 57 cases of
laryngeal papillomas (BLs) and 14 controls (benign hypertrophic changes). Tissue microarrays were
used to perform IHC. Western blot and immunofluorescence were performed in laryngeal cancer
cell lines and normal keratinocytes. Results: Irisin expression levels were significantly increased in
LSCC compared to BLs (p < 0.0001) and controls (p = 0.001). We noted a positive moderate and weak
correlation between irisin and Ki-67, MCM3 and MT-I/11. We observed an elevated level of irisin
expression with increasing tumor size (T1-2 vs. T3—4; p = 0.0348). The levels of irisin were higher
in NO than in N1 and N2-3 (p = 0.0031 and p = 0.0457, respectively). Our in vitro study revealed
a higher level of irisin in Larynx Epidermoid Carcinoma 2 (HEp-2) cells compared to the control
Normal Human Keratinocyte (HaCat) cell line. Conclusions: Increased irisin expression levels in
LSCC and its correlation with clinicopathological and proliferation factors may indicate the potential

role of irisin as a biomarker in the diagnostic process of LSCC.

Keywords: irisin; Ki-67; MCM3; MCM5; MCM7; MT-1/11; LSCC

1. Introduction

The larynx is the most common localization of head and neck cancers, and the most
prevalent type is squamous cell carcinoma (SCC), which is diagnosed in 95% of cases [1].
The risk of laryngeal cancer is eight times more frequent in men. In the male population,
laryngeal cancer is the seventh most common cancer [2]. Total laryngectomy still remains
the gold standard of therapeutic management due to the lack of specific methods for the
diagnosis of laryngeal cancer [3,4]. Radical surgery is associated with the loss of function
of the larynx, depriving patients of the possibility of communication, which has a very
negative impact on their functioning and recovery [5,6]. Due to the difficulties associated
with the diagnosis of laryngeal cancer, there is a necessity to search for specific markers
related to carcinogenesis in this area. Irisin could be one such marker. The increased level
of irisin expression has been reported in many cancers. Its elevated level of expression
has been observed, for example, in thyroid and lung cancer [7-9]. The anatomic proximity
of the thyroid and larynx, as well as the location of the larynx on the border between the
upper and lower respiratory tract raise the question about the potential role of irisin in the
carcinogenesis of laryngeal cancer. The expression of irisin in laryngeal carcinomas has not
been studied yet.
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Irisin was described as a myokine released by skeletal muscle in response to physical
exercise in 2012. Bostrom et al. [10] observed that irisin was released as a result of physical
exercise and affected white adipose tissue (WAT) cells, which turn into beige. Phenotyp-
ically and functionally, they resemble brown adipose tissue (BAT). Irisin is released as
a result of post-translational modifications of the FNDC5 prohormone, encoded by the
FNDCS5 gene. The peptide composed of 112 amino acids is the result of cleavage and
glycosylation of the extracellular domain of the prohormone [11,12]. FNDC5 is an N-glycan
with two potential glycosylation sites (Asn36 and Asn81) [13]. Glycosylation is one of the
most important post-translational modifications affecting the physicochemical properties
of protein [14]. Inhibition of glycosylation decreases irisin secretion [13] and also increases
its molecular mass from 13 kD to 20 kD [11]. The increase in FNDC5 expression under
the influence of the peroxisome proliferator-activated receptor gamma coactivator 1-alpha
(PGC1-«x) elevates the expression of the BAT uncoupling protein 1 (UCP1) marker. The ef-
fect of thermogenin activity is energy dissipation, which has a positive effect on metabolism,
and may prevent obesity and related diseases, including type Il diabetes [15,16]. In addition
to muscle and adipose tissue, many studies have shown the presence of irisin in other
tissues and organs, such as the brain, testes, epididymis, heart muscle cells, skin, liver,
pancreas, and stomach [17]. Moreover, the study showed the impact of irisin on tissues as a
ligand of integrin receptor [18-20].

Irisin expression was also observed in many types of cancer, including breast, prostate,
gastrointestinal tract, bone, and lung cancer as well as gynecological carcinomas [21-24].
In the case of non-small-cell lung carcinoma (NSCLC), the presence of irisin has been
noted not only in cancer cells but also in cancer-associated fibroblasts (CAFs). The elevated
level of irisin expression in CAFs was associated with a worse prognosis in patients and
the proliferation of NSCLC cells [8]. Moreover, CAFs participate in carcinogenesis by
stimulating neoplastic angiogenesis and the epithelial-mesenchymal transition (EMT) [25].
Other studies have revealed that irisin may be involved in limiting neoplastic expansion.
Irisin was shown to inhibit EMT by blocking PI3K/Akt/Snail signaling, affecting the
inhibition of migration and invasion of lung cancer cells in an in vitro model [9]. In addition,
many studies on the in vitro model revealed that irisin also inhibited cell proliferation, for
example, in breast, lung, bone, prostate, and pancreatic gland cancer [9,22,24,26,27]. Their
findings are contrary to the studies that showed that irisin did not affect the proliferation,
adhesion, or colony formation of malignant cells of the colon, endometrium, thyroid, or
esophagus [28].

The influence of irisin on the proliferative activity of cancer cells seems to be of
significant importance for its potential role in the diagnostic process. Therefore, in our
study, we estimated the correlation with recognized markers of proliferation, such as Ki-67
antigen and minichromosome maintenance proteins (MCM3, MCM5, and MCM?7) [29].
Ki-67 is a non-histone protein in the cell nucleus that is responsible for cell proliferation.
In LSCC cancers, a significant correlation was demonstrated between the tumor grade
(G) and the Ki-67 proliferation index value [30,31]. However, the MCM family includes
proteins from MCM1 to MCM10. The basic function of MCM proteins is participation in
the mechanism of initiation of replication and regulation of DNA synthesis. MCM proteins
play an important role in maintaining genome integrity by preventing DNA from another
replication in the same cell cycle. MCM proteins are not expressed in the resting phase (G0).
However, they are detected during all other phases (G1, S, G2 and M) and can, therefore,
serve as potential markers of cell proliferation and can also be useful to assess the degree
of tumor cell proliferation [32]. Studies showed an increased expression of MCM5 and a
positive correlation with Ki-67 [33], as well as an increased expression of MCM2, MCM3,
and MCM7 in Larynx Epidermoid Carcinoma 2 (HEp-2) cell lines and positive correlations
with Ki-67 in LSCC [34]. In addition, we decided to investigate the correlation of irisin
with metallothioneins I and II (MT-1/1I). MT-1/1I are low-molecular-weight proteins that
are characteristic of most tissues. They participate in the neutralization of free oxygen
radicals and the homeostasis of many chemical elements, and play an important role in the
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detoxification of heavy metals [35]. They are also involved in carcinogenesis and stimulate
cell proliferation and angiogenesis. The increase in MT concentration in the cell correlates
with the tumor grade. MTs are involved in the immune response, wound healing, and the
development of multidrug resistance (MDR) [36]. The importance of MT expression as a
tumor biomarker is mainly observed in squamous neoplasms of the larynx [34], lung [37],
stomach, intestine, pancreas, uterus, and breast [38].

Studies on irisin expression in neoplastic tissues have demonstrated its potential as an
independent diagnostic and prognostic factor. The expression of irisin in laryngeal cancer
has not been studied yet. Therefore, the aim of the study was to determine the localization
and the level of irisin expression in LSCC, as well as to investigate its relationship with
such markers as Ki-67, MCM3,5,7, or MT-1/1I and with clinicopathological factors in LSCC.

2. Materials and Methods
2.1. Patients Cohort

The study was conducted on material consisting of 140 cases of laryngeal squamous
cell carcinomas (LSCCs) and 57 cases of laryngeal papillomas (BLs), which were collected
between 1997 and 2003. All patients were diagnosed and treated at the Department of
Pathomorphology of the J. Babinski Regional Hospital of Wroclaw and the Department and
Clinic of Otolaryngology, Head and Neck Surgery, Wroclaw Medical University. Fourteen
blocks with the sections of vocal cord nodules and Reinke’s edema were used as the control.
Patients gave their written informed consent, and the study was approved by the Bioethical
Committee of Wroclaw Medical University (ID No. KB-355/2019). The mean age of the
patients during the treatment period was 59 years (41-79 years). The treatment and follow-
up included 20 women and 120 men based on the TNM classification of the International
Union Against Cancer (UICC) [39], the grade of malignancy (G), and the clinical stage of
LSCC were determined.

2.2. Cell Line Culture

Protein expression studies (Western blot and immunofluorescence [IF]) were con-
ducted using the reference Larynx Epidermoid Carcinoma 2 (HEp-2) (collection of cell
lines of the Ludwik Hirszfeld Institute of Inmunology and Experimental Therapy, Polish
Academy of Sciences, Wroclaw, Poland) adherent laryngeal cancer cell line, and the Normal
Human Keratinocyte cell line (HaCaT) (The American Type Culture Collection, Manassas,
VA, USA), an adult normal immortalized human keratinocyte cell line, was used as the
control. HEp-2 cells were cultured in EMEM medium (Lonza, Basel, Switzerland). HaCaT
cells were cultured in DMEM medium (Lonza). Both media were supplemented with
10% fetal bovine serum (FBS) (Merck, Darmstadt, Germany), 1% penicillin/streptomycin
(Merck), and L-glutamine (Merck). The HERA cell incubator (Heraeus, Hanau, Germany)
was used to maintain constant conditions of cell cultures, i.e., a temperature of 37 °C, 5%
CO; concentration, and a 95% humidity level.

2.3. Tissues Microarray (TMA) Preparation

Tissue sections were fixed in 10% buffered formalin, dehydrated, and embedded
in paraffin. Tissue microarrays (TMA) were performed from paraffin blocks—1 TMA
containing the material with vocal cord nodules, 5 TMAs containing LSCC tumors, and
2 TMAs with BLs. Routinely, paraffin blocks were cut and hematoxylin and eosin (HE)
staining was performed. The HE stained slides were examined under light microscopy (BX-
42; Olympus, Tokyo, Japan) by two independent pathologists. Subsequently, the HE slides
were scanned using the Pannoramic Midi II histological scanner (3DHistech, Budapest,
Hungary). Using the Pannoramic Viewer Program (3DHistech), representative cancers sites
with a core size of 1.5 mm were selected, followed by their transfer to the tissue recipient
arrays using the TMA Grand Master (3DHistech Ltd., Budapest, Hungary).
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2.4. Immunohistochemistry (IHC)

TMAs were cut into 4-um-thick paraffin sections and mounted on Superfrost Plus
slides (Menzel Glaser, Braunschweig, Germany). Deparaffinization, hydration, and ther-
mal demasking of epitopes were performed using the Pre Treatment Link Station (Dako,
Glostrup, Denmark). The slides were incubated at 97 °C for 20 min with the Target Retrieval
Solution in high-pH buffer (Agilent Technologies, Santa Clara, CA, USA). IHC reactions
were performed using specific polyclonal anti-irisin rabbit antibodies (dilution 1:50; code
no. NBP2-14024; Novus Biologicals, Littleton, CO, USA), mouse monoclonal antibodies:
anti-MCMS (clone E-10, dilution 1:100, Santa Cruz Biotechnology, Dallas, TX, USA), anti-
Ki-67 (clone MIBI1, ready to use; Agilent Technologies), anti-MT-I1/1I (clone E9, dilution
1:100; Agilent Technologies), anti-MCM2 (clone CRCT2.1, dilution 1:15; Leica Biosystems,
Nussloch, Germany), anti-MCM3 (clone 101, dilution 1:50; Agilent Technologies), and anti-
MCM? (clone DCS-141.1, dilution 1:50; Leica Biosystems). The antibody diluent (Agilent
Technologies), with a background reducing component, was used to dilute the primary
antibodies. IHC reactions were performed using the Autostainer Link (Agilent Technolo-
gies) and the EnVision™ FLEX high-pH Link visualization system (Agilent Technologies).
Control of the immunochistochemical reaction was performed without the addition of the
primary antibody.

2.5. Evaluation of Immunohistochemistry (IHC)

A positive IHC reaction of irisin, Ki-67, MCM3,5,7, and MT-I/11 in tissue specimens in
LSCCs, BLs, and control was observed using the BX41 light microscope (Olympus, Tokyo,
Japan) coupled with the Cell D program (Olympus). The analysis of the expression of the
proteins was performed using x 200 magnification. The intensity of the cytoplasmic reaction
detecting the presence of irisin and of the MT-1/1I semiquantitative Immunoreactive Score
(IRS) method, according to Remmele and Stegner [40], were used.

The evaluation of the IHC reaction was conducted by two independent pathologists.
The intensity of the color reaction in the cytoplasm of cells (from 0 to 3 points) and the
percentage of neoplastic cells with a positive reaction (from 0 to 4 points) were estimated.
The score is the result of the multiplication of color intensity and percentage of cells with
positive reactions. The result can take values from 0 to 12 points. Details of the IRS scale
are presented in Table 1.

Table 1. The semiquantitative scale assessing the irisin and MT-1/1I expression in control tissues of
the larynx, BLs, and LSCC according to Remmele and Stegner (IRS) [40]. Modified table according to
Nowinska [34].

Percentage of Cells with Color Intensity of Positive

Points Points

Positive Reaction Reaction in Cells
0 0% 0 lack
1 1-10% 1 weak
2 11-50% 2 moderate
3 51-80% 3 strong
4 >80%

The percentage of cells with a positive reaction was calculated compared to the total
number of tumor cells. The level of Ki-67, MCM3, MCM5, and MCM7 expression was
assessed with the use of a five-point scale (0 point—>0%; 1 point—>0-10%; 2 points—>10-
25%; 3 points—>25-50%; 4 points—>50-100% of expression) [41,42].

2.6. Immunofluorescence (IF)

To perform IF, 24-h microculture cells were placed on slides (Millicell EZ 8-well glass
slides; Merck). For microculture, 600 L of 20 x 10* cells/mL suspension was instilled into
each well on the slides. Microcultures with cells were placed in an incubator at 37 °C for
24 h. After the incubation, the cells were fixed with the use of 4% formaldehyde and further
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incubation was conducted with the specific polyclonal rabbit anti-irisin/FNDC5 antibody
(dilution 1:50; code no. NBP2-14024; Novus Biologicals) at 4 °C overnight. After rinsing,
the slides were incubated for 1 h with polyclonal donkey anti-rabbit secondary AlexaFluor
568 conjugated antibody (dilution 1:2000; code no. A10042; Invitrogen, Carlsbad, CA, USA)
in the reagent with a background-reducing component (Agilent Technologies). The slides
were mounted using the Prolong DAPI Mounting Medium (Invitrogen). The observations
were made at x600 magnification with the use of Fluoview FV3000 confocal microscopy
(Olympus) coupled with CellSense software (Olympus, RRID:SCR_016238).

2.7. Western Blot Analysis

For each analysis, 3 x 10° HEp-2 and HaCat cells were taken. The extraction of whole
cell proteins was made using the RIPA buffer (50 mM Tris HCI; 150 mM NaCl; 0.1% SDS;
1% Igepal (CA-630, Merck, Darmstadt, Germany); 0.5% sodium deoxycholate; protease
inhibitor cocktail (Merck); 0.5 mM PMSF). The concentration of proteins was determined
using the Pierce BCA Protein Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA).
The proteins were denatured in sample loading buffer (250 mM Tris-HCI, 40% glycerol,
20% B-mercaptoethanol, 8% SDS and bromophenol blue), transferred to a PSQ membrane
(Millipore, Burlington, MA, USA), and blocked with 2% non-fat milk (Bio-Rad, Marnes-
la-Coquette, France) in 0.1% TBST for 1 h at room temperature. Next, the membrane
was incubated with rabbit polyclonal anti-irisin/FNDC5 antibody diluted in 0.5% milk
in 0.1% TBST (1:200, code no. NBP2-14024, Novus Biologicals) overnight at 4 °C with
gentle shaking. Incubation with the secondary horseradish peroxidase, conjugated with
donkey anti-rabbit antibody and diluted in 0.5% milk in 0.1% TBST (1:3000, code no. 711-
035-052; Jackson ImmunoResearch, Cambridgeshire, UK), was performed for 1 h at room
temperature. The proteins were visualized using the Luminata Classico Western HRP
Substrate (Millipore). The membrane was stripped and incubated again with monoclonal
mouse anti-pactin antibody diluted in 1% milk in 0.1% TBST (dilution 1:5000, clone 2D4H5,
code no. 66009-1-Ig, Proteintech, Rosemont, IL, USA), and this was used as the control for
the amount of protein loading. The data were collected in the Chemi-Doc XRS Molecular
Imager apparatus (Bio-Rad). The optical density of the protein band was measured with
the use of the Image Lab (Bio-Rad) software. The experiment was repeated three times.

2.8. Statistical Analysis

The Kolmogorov-Smirnov test was used to check the normality of the distribution.
The differences in the expression of irisin in BLs and LSCCs, as well as their relationship
with clinicopathological factors, were examined using the Kruskal-Wallis test or the Mann—
Whitney U test. Associations between irisin and the MCM2, MCM3, and MCM? proteins,
Ki-67 antigen, and MT-1/II were assessed by the Spearman rank correlation test. The
Kaplan-Meier analysis and the Cox regression method were used to check the relationship
between the intensity of irisin expression and overall survival. The unpaired t-test was
used to assess the differences between the level of irisin in cell lines. The statistical analysis
was performed using Prism 5.0 (GraphPad, La Jolla, CA, USA) software and p values < 0.05
were considered statistically significant.

3. Results
3.1. Immunohistochemical (IHC) Detection of Irisin Expression in Tissue Microarrays (TMAs)
Our study showed the expression of irisin in controls, BLs, and LSCCs (Figure 1).
In LSCC, irisin expression was found in the cytoplasm of cancer cells. No significant
difference of irisin expression was found between the control group and BLs. However,
irisin expression levels were significantly increased in LSCCs compared to BLs (Mann—
Whitney U test, p < 0.0001), and the control group (Mann—-Whitney U test, p = 0.001)
(Figure 2A). The associations between low and high expression and clinicopathological
characteristics of patients are shown in Table 2.
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Figure 1. Inmunohistochemical (THC) reactions (brown) indicating irisin expression in the cytoplasm
performed on control tissue (A) (magnification %400, scale bar 20 um, benign lesions (BLs)) and (B) in
laryngeal squamous cell cancer (LSCC) (low (1-6) (C) and high (>6) (D)) (magnification x200).

Table 2. Clinicopathological characteristics of LSCC patients related to irisin expression.

Irisin Expression in LSCC Cancer Cells

Clinicopathological n
Parameter 140 (%) Low High Chi? Test
1-6 >6 p Value
<60 76 (56,3) 66 (47,10) 10 (7,1)
Age” >60 59 (43.7) 51 (36,4) 8(5.7) L
Male 120 (85,7) 49 (35,0) 71(50,7)

Sex Female 20 (14,3) 9.(6,4) 108 07262
Tumor size T1-T2 54 (38,6) 50 (35,7) 428 00834
(T) T34 86 (61,4) 70 (50,0) 16 (11,4) -

NO 98 (72,6) 86 (61,4) 12 (8,6)
Lymf:‘;)"des N1 15 (11,1) 13 (9,3) 2(1,4) 0.8475
N2-N3 24(17,7) 20 (14,3) 1(28)
1 7(5,1) 6(43) 1(07)
Stage * 1 37 (27,2) 37 (26,4) 0(0,0) 00216
-1V 94 (69,1) 77 (55,0) 17 (12,1)
Grade of G1 30 (21,5) 27(19,3) 3(21)
malignance G2 92 (65,7) 79 (56,4) 11(7,8) 0.3803
) G3 18 (12,8) 139,3) 128

Abbreviations: LSCC—laryngeal squamous cell carcinoma; significance in bold; * missing data: Age—5 cases;
Lymph nodes—3 cases; Stage—2 cases.
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Figure 2. Comparison of irisin expression levels detected by immunohistochemistry (IHC) in control
tissues, benign lesions (BLs), and laryngeal squamous cell cancer (LSCC) (A). Comparison of irisin
expression levels in LSCC cells according to the tumor stage (B), tumor size (C), the grade of
malignancy (D), and the lymph node status (E). Kaplan-Meier survival curves show the prognostic
impact of irisin expression levels on overall survival (OS) of patients with LSCC. Patients were
grouped according to the median value of expression levels (F), * p < 0.05, ** p < 0.005, *** p < 0.001.

3.2. Associations between Irisin Expression in Cancer Cells and Clinicopathological Parameters
The relationships between the level of irisin expression in cancer cells and the clin-
ical and pathological parameters in LSCC are given in Table 3. The mean level of irisin
expression for stage I was 3.46 + SD 1.86, then it decreased to 2.65 (+SD 2.52) in stage II
and increased again in stages Il and IV (mean 3.86 + SD 2.55). We observed a statistically
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significant difference between stage II and stages III-IV (Mann-Whitney U test, p = 0.0083)

(Figure 2B).
Table 3. Associations of irisin expression level with clinicopathological characteristics in patients
with LSCC.
p Value
LSCC (Mann-Whitney U Mean Value + SD
Test)
Lymph nodes Lymph nodes
NO vs. N1 0.0031 NO 5.25 + 2.02
NO vs. N2-3 0.0457 N1 3.41 £ 210
N1 vs. N2-3 0.5101 N2-3 4.00 + 2.68
Tumor size Tumor size
T1-2 vs. T34 0.0348 T1-2 3.00 + 2.45
T34 3.78 + 2.58
Stage Stage
Tvs. 1T 0.2785 I 3.46 +1.86
Tvs. HI-IV 0.7991 I 2,65+ 2.52
M vs. HI-IV 0.0083 v 3.83 +2.55
Grade of malignancy 0.5354 Grade of malignancy 396 4 2.70
Glvs. G2 G1
0.2857 3.45+ 247
Glvs. G3 0.4415 G2 3.95 + 2.64
G2vs. G3 : G3 : '

Abbreviations: LSCC—laryngeal squamous cell cancer; significance in bold.

We also observed an elevated level of irisin expression with increasing tumor size (T).
The differences between T1-2 and T34 were statistically significant (Mann-Whitney U test,
p = 0.0348). The highest mean level of irisin was observed in T3—4 (mean 3.78 + SD 2.58)
compared to T1-2 (mean 3.00 + SD 2.45) (Figure 2C). The level of irisin expression in LSCC
increased slightly with the increase in tumor malignancy (G). The differences between the
individual groups were not statistically significant (Figure 2D).

We also noticed an association between irisin expression levels and lymph node
metastasis. The highest mean value was observed for NO (5.25 = SD 2.02) and the lowest
for N1 (mean 3.41 + SD 2.10). Finally, the mean value (4.00 & SD 2.68) increased again with
lymph node metastasis (N2-3). The differences between the levels of irisin in N0 and N1
and in NO and N2-3 were statistically significant (Mann-Whitney U test, p = 0.0031 and
p = 0.0457, respectively) (Figure 2E). We did not observe any association between overall
survival (OS) and irisin, MCM3,5,7, and Ki-67 in patients with LSCC (Table 4, Figure 2F).

Table 4. Univariate and multivariate Cox proportional hazards analyses in 140 patients with LSCC.

Univariate Analysis

Clinicopathological Parameter HR (95% CI)
P
pT 0.98 (0.60-1.62)
T1-T2 vs. T3-T4 0.9787
pN 0.76 (0.43-1.35)
NO vs. N+ 0.3705
Grade 0.90 (0.50-1.60)
G1vs. G2-G3 0.7320
Stage 0.80 (0.48-1.33)
-1 vs. II-TV 0.3883
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Table 4. Cont.

Univariate Analysis

<25% vs. >25%

Clinicopathological Parameter HR (95% CI)
y

Irisin 1.46 (0.90-2.40)
<25% vs. >25% 0.1183

Ki-67 1.16 (0.68-1.98)
<25% vs. >25% 0.5779

MT-1/11 1.18 (0.72-1.88)
<25% vs. >25% 0.5000

MCM3 137 (0.82-2.24)
<25% vs. >25% 0.2153

MCM5 1.42 (0.89-2.27)
<25% vs. 225 % 0.1442

MCM7 3.32 (0.60-18.33)

0.1665

Abbreviations: HR—hazard ratio; Cl—confidence interval; LSCC—laryngeal squamous cell cancer.

3.3. Associations between Irisin and Cancer Cell Proliferation

The expression of other proteins (Ki-67, MCM3,5,7) that are associated with prolifer-
ation was observed in nuclei, and the expression of MT-1/1I was found in the cytoplasm
(Figure 3A-F).

Figure 3. Inmunohistochemical (THC) reactions (brown) indicating irisin expression in the cytoplasm
in laryngeal squamous cell cancer (LSCC) (A) with antigen Ki-67 (B), MCM3 (C), MCMS5 (D), MCM7
(E), and MT-I/II (F) in LSCC (magnification x200).
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We found a positive moderate correlation between irisin and the Ki-67 antigen ex-
pression level in the nuclei of LSCC cells (r = 0.36; p < 0.0001) (Figure 4A). In addition, we
identified a weak positive relationship between irisin and MCM3 expression levels (r = 0.25;
p = 0.0033) (Figure 4B). However, we did not observe any significant correlation between
irisin and MCMS5 expression (r = 0.12, p = 0.1512), or between irisin and MCM7 (r = —0.17,
p =0.790). A moderate positive correlation was also demonstrated by comparing the level
of irisin expression in LSCC and MT-1/1I (r = 0.35, p < 0.0001) (Figure 4C).

A

Ki-67

r=0.36 p<0.0001

MCM 3

r=0.25 p=0.0033

MT 1/2

r=0.35 p<0.0001

Figure 4. Correlations of irisin expression levels with diagnostic markers are moderate positive Ki-67
(A), weak positive MCM3 (B), and moderate positive MT-I/1I (C) in LSCC cells.

3.4. Irisin Expression Levels in Cancer Cell Lines

Our in vitro study indicated the presence of irisin expression in both cell lines. How-
ever, a higher level of irisin was observed in HEp-2 laryngeal cancer cells compared to its
level in control HaCat cells. The difference was not statistically significant. The results
obtained using Western blot (Figure 5) were confirmed by confocal microscopy (Figure 6).
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Figure 5. Comparison of irisin expression levels detected by Western blot in Normal Human Ker-
atinocytes (HaCat) and Larynx Epidermoid Carcinoma 2 (HEp-2) (A). The mean value of the densito-
metric optical analysis of the 3 repeats of Western blot detecting irisin expression levels (B).

Figure 6. Localization of irisin (red color) around the nucleus (blue color) expression in cells’ cy-
toplasm detected by immunofluorescence reaction (IF) in Normal Human Keratinocytes (HaCat)
(A) and Larynx Epidermoid Carcinoma 2 (HEp-2) (B) (magnifications %600, scale bar-20 um (lower
right corner)).

4. Discussion

Our study is the first to assess irisin expression in LSCC tissues. The investigation
showed the expression of irisin in both non-cancerous and LSCC cells. A significantly
higher concentration of irisin was observed in LSCC with regard to BLs and controls.
Irisin was expressed primarily in the cytoplasm of laryngeal cancer cells. Previous studies
were focused on the distal part of the respiratory tract. It was also the first study that
used the tissue obtained from NSCLC tumors and the results were correlated with the
clinicopathological data of patients [8]. Former studies confirming the expression of irisin
in cancer cells of the respiratory system were carried out in an in vitro model using lung
cancer cell lines [9]. An increased irisin expression in cancer cells of the head and neck
area was observed in the tissues of thyroid tumors [7]. Ugur et al. [7] also showed that
the increased concentration of irisin could be used in the differential diagnosis between
malignant tumors and benign hyperplastic changes in the thyroid gland. Among other
tumor tissues, increased irisin expressions were observed in cancers of the breast, ovary,
cervix [21], and gastrointestinal tract [23], with the exception of hepatocellular carcinoma.
In contrast, decreased irisin levels were observed in renal cancer tissues [43].

Most studies on irisin levels in cancers were based on its detection in the serum of
patients. It was not possible to determine whether local or systemic production was respon-
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sible for the increase in irisin concentration in tumor cells. The results of the tests using
ELISA determining the serum concentration of irisin were inconclusive compared to the
control group. Irisin levels were higher in patients with renal cancer [44], lower in patients
with breast cancer [45], and unchanged in subjects with hepatocellular carcinoma [46]. A
high expression of irisin was observed in skeletal muscles, whereas a moderate expression
was found in adipose tissue [47]. However, the probability of irisin production by skeletal
muscles and adipose tissue in cancer patients was reduced by their physical condition, and
often by progressive cachexia. A decreased level of irisin in circulating blood could be the
result of increased local production and a signal for the systemic regulation [45].

Moreover, in our studies, irisin expression levels were compared with clinicopatholog-
ical parameters. We observed a higher irisin expression in larger tumors (T3-4) and tumors
with a high grade of malignancy (G3). However, in the case of malignancy grade, we did
not observe statistical significance. However, Panagiotou et al. [48] observed an increase in
serum irisin levels in higher grades (Elston-Ellis) and the differences were significant, which
confirmed our observation. Tumor growth requires a lot of energy and glucose, which
are crucial for tumor proliferation. The consumption of glucose by cancer cells through
aerobic respiration increases [8] and the overexpression of membrane glucose transporters
(GLUTs) occurs. Overexpression and translocation to the membrane of GLUTs have been
observed in many cancers, including breast, large intestine, salivary gland, and stomach
cancer [49]. There is evidence that irisin affects GLUT4 translocation in the skeletal muscle
of diabetic mice. Studies showed that irisin increased glucose tolerance and uptake. Irisin
also improved glucose metabolism by increasing the phosphorylation of 5’ AMP-activated
protein kinase (AMPK) in myocytes and hepatocytes in in vitro and in vivo studies [50].
Irisin may change the metabolism of cancer cells, which could explain its relationship
with the increase in its proliferation. However, further studies are warranted to explain
this mechanism.

Most studies performed on the in vitro model revealed the inhibitory effect of irisin
on the proliferation of cancer cells [9,27,28]. However, there are no studies that determined
the existence of such a relationship in neoplastic tissues. Considering the results of these
studies and the lack of knowledge in this area, we decided to investigate the correlation of
irisin expression in LSCC with the standard markers of cancer cell proliferation. We ob-
tained a positive moderate and weak correlation with Ki-67, MCM3, and MT-1/1I antigens,
which could indicate the potential role of irisin in the proliferation of LSCC cells. Positive
correlations of irisin expression with cellular proliferation markers were also reflected
and confirmed by association with clinicopathological factors (G, pT, pN, and Stage) in
LSCC. Panagiotou et al. [48] also observed a positive correlation of serum irisin levels
with the Ki-67 antigen in patients with benign and malignant breast cancer. Moreover, Shi
et al. [46] reported that in human hepatocellular carcinoma (HHC), irisin could enhance the
proliferation of neoplastic cells via the PI3K/AKT pathway. Contrary to our results, Shao
etal. [9] indicated that a higher level of expression could lead to the inhibition of prolifera-
tion, migration, and the epithelial-mesenchymal transition (EMT). However, these studies
used an in vitro model. In our previous study, we observed associations between irisin
and cancer cell proliferation in NSCLC cells. Irisin expression in cancer cells correlated
negatively with the expression of the Ki-67 antigen in NSCLC cells [8]. The differences may
be due to tissue specificity and, hence, further research is warranted.

The phenomenon of EMT is the basis of metastasis [51]. Previous studies showed that
irisin could be involved in cancer metastasis by inhibiting the EMT [24,27]. In our study,
we observed the highest expression of irisin in the group of patients without lymph node
metastasis (N0). This could demonstrate the protective effect of irisin in the pre-metastatic
tumor. A similar protective effect of high levels of irisin (serum) was observed in breast
cancer. The study on patients with breast cancer revealed that serum irisin level was higher
in the group without spinal metastasis. The patients with higher serum levels of irisin
had a 20% reduction in the possibility of metastasis [47]. In our opinion, the increased
level of irisin in the NO group of patients is associated with the inhibition of EMT and the
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prevention of metastasis in LSCC. So far, only a few studies have analyzed the possible
relationship between irisin expression and EMT. The results of these studies suggest that
irisin may reverse the EMT process of cells. Kong et al. [24] observed that irisin reverses
EMT depending on the IL-6 pathway in osteosarcoma. They suggest that irisin regulates
Snail expression via STAT3. In our study, the level of irisin decreased in patients who
had metastasis to a single lymph node on the same side of the neck as the tumor (N1).
The level of irisin increased again if cancer cells spread to more lymph nodes (N2-3).
Despite the re-increase in irisin levels in N2-3, it did not reach a level as high as that of NO.
The explanation of the re-increase in irisin expression in the N2-3 group requires further
research in order to enable full understanding of this phenomenon.

Our HC study revealed a higher irisin expression in LSCC cells compared to control
tissues. The levels of irisin expression determined by Western blot and IF were the same
as expected. In the cell lines, irisin expression was significantly higher in the laryngeal
cancer cell line (HEp-2) compared to the control cell line (HaCat). IHC confirmed the results
obtained in the in vitro model. Our previous study on lung cancer cells also indicated
the higher expression of irisin in cancer cells compared to control cells [8]. Shi et al. [46]
showed increased proliferation, migration, and invasiveness of hepatocellular carcinoma
cells caused by activation of the PI3K/Akt pathway after irisin treatment. On the other
hand, Moon et al. [28] showed the inhibiting effect of irisin treatment on the proliferation
of endometrial (KLE and RL95-2), colon (HT29 and MCA38), thyroid (SW579 and BHFP?7),
and esophageal (OE13 and OE33) cancer cell lines. The ambiguous results of the studies
may arise from the tissue and cell specificity in irisin expression [46] or may be associated
with the form of irisin used (glycosylated or non-glycosylated) [9,24,26-28,46]. The studies
in the in vitro model investigating the effects of irisin on cancer cells and the expression
levels in cancer cells showed unclear results. More research is warranted to determine the
effects of irisin on cancer cells.

5. Conclusions

In conclusion, our study was the first to show irisin expression in LSCC. We observed
a higher irisin expression for LSCC compared to control tissues and its association with
tumor growth and lymph node metastasis. Moreover, we analyzed irisin expression
with clinicopathological factors and established cancer proliferation factors, indicating the
potential role of irisin as a biomarker in the diagnostic process of LSCC.
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7. Podsumowania i wnioski

Przeprowadzone w ramach pracy doktorskiej badania wskazaty na potencjalng role
Ir w procesach kancerogenezy raka ptaskonabtonkowego krtani (LSCC).
Obserwowane dodatnie srednie korelacje ekspresji Ir z uznanymi markerami
proliferacji komdrek nowotworowych: Ki-67, MCM3 i MT-I/Il mogg sugerowac
zwigzek ekspresji Ir z procesem proliferacji komdrek LSCC. Na podstawie uzyskanych
wynikéw dowiedziono, ze komorki raka ptaskonabtonkowego krtani wykazujg
wyzszy poziom ekspresji Ir niz w tkankach kontrolnych (tagodne zmiany krtani).
Ponadto wzrastajgcy poziom ekspresji Ir obserwowano w guzach wiekszych oraz w
wyzszych stadiach zaawansowania klinicznego. Moze to wskazywaé na potencjalng
uzyteczno$é Ir w diagnostyce rakéw ptaskonabtonkowych krtani o wiekszym

potencjale proliferacyjnym.

Bardzo interesujgce wydaja sie by¢ wyniki wskazujgce na zmiany poziomu ekspres;ji
Ir w przebiegu powstawania przerzutéw do kolejnych grup weztéw chtonnych.
Najwyzszy poziom ekspresji Ir obserwowano u pacjentéw bez przerzutéw do weztéw
chtonnych (NO). Mogtoby to sugerowacd supresyjng role Ir w procesie przerzutowania
nowotworowego. Wraz ze wzrostem masy guza i pojawieniem sie przerzutéw do
regionalnych weztéw chtonnych (N1) poziom Ir spada. W czasie przerzutowania (N2-
3) ponownie wzrasta, nie osiggajgc poziomu ze stadium NO. Rosngcy ponownie
poziom ekspresji Ir w stadiach N2-3 moze by¢ zwigzany z dalszym niekontrolowanym
juz wzrostem masy guza. Moze wynikaé réwniez z uwalniania Ir poza samym guzem
np. z komorek podscieliska nowotworu. Otwarte pozostaje nadal pytanie, czy spadek

ekspresji Ir jest przyczyng powstania przerzutéw, czy zjawiskiem wtérnym.

Konieczne sg dalsze badania, ktdére ocenig znaczenie zmian poziomu Ir wraz z
objeciem kolejnych okolicznych weztdw chtonnych. Istotne wydaje sie takze
ustalenie, czy zmiany sg wynikiem specyfiki tkankowej raka krtani. Jesli tak, ocena
poziomu ekspresji Ir mogtaby byé takze przydatna do prognozowania powstawania
przerzutéw. Stad konieczne sg dalsze badania nad rolg Ir w procesach kancerogenezy
oraz progresji raka ptaskonabtonkowego krtani i potencjalnej uzytecznosci tego

biatka w diagnostyce LSCC.

60



7. Podsumowania i wnioski

Whioski:

1. Podwyiszony poziom Ir w rakach ptaskonabtonkowych krtani (LSCC), w
porownaniu do zmian tagodnych wskazuje, ze moze by¢ on uzyteczny jako

potencjalny marker réznicujgcy zmiany fagodne i LSCC.

2. Obserwowana korelacja Ir z markerami proliferacji komoérek nowotworowych:
Ki-67, MCM3 and MT-I/Il moze wskazywac na jej role w proliferacji komodrek rakéw
ptaskonabtonkowych krtani i jej uzytecznos¢ w ocenie rokowniczej tych

nowotworow.

3. Obnizenie poziomu Ir w komédrkach raka krtani moze wskazywac¢ na mozliwosé

pojawienia sie przerzutow odlegtych tego nowotworu.
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pomocy w przygotowaniu tekstu manuskryptu.

Podpis

Lo} Oniron Now g
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Lek. Agnieszka Pinkowska Wroctaw, dn. 07.02.2023 r.
Katedra Morfologii i Embriologii Cztowieka,

Zaktad anatomii Prawidtowej,

Uniwersytet Medyczny im. Piastéw Slaskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy

Agnieszka Pinkowska, Katarzyna Nowirska, Urszula Ciesielska, Marzenna Podhorska- Okotéw. Irisin
Association with Ki-67, MCM3 and MT-I/Il in Squamous Cell Carcinomas of the Larynx.
Biomolecules 2022, 12, 52. https://doi.org/10.3390/biom12010052, IF: 6.064; Pkt. MNiE: 100,00

moj udziat polegat na opracowaniu koncepcji pracy, przegladzie i zebraniu pismiennictwa, pomocy

w czesci eksperymentalnej badan, analizie uzyskanych wynikéw i opracowaniu manuskryptu.

Podpis

|
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Dr Katarzyna Nowiriska Wroctaw, dn. 07.02.2023 r.
Katedra Morfologii i Embriologii Cztowieka,

Zaktad Histologii i Embriologii,

Uniwersytet Medyczny im. Piastow Slaskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy

Agnieszka Pinkowska, Katarzyna Nowiriska, Urszula Ciesielska, Marzenna Podhorska- Okotow. Irisin
Association with Ki-67, MCM3 and MT-I/Il in Squamous Cell Carcinomas of the Larynx.
Biomolecules 2022, 12, 52. https://doi.org/10.3390/biom12010052, IF: 6.064; Pkt. MNiE: 100,00

moj udziat polegat na pomocy w czesci eksperymentalnej badan opisanych w tej pracy, analizie

statystycznej wynikdw eksperymentéw i pomocy w przygotowaniu tekstu manuskryptu.

Podpis

< ooqmmﬁw\ No. NN
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Dr Urszula Ciesielska Wroctaw, dn. 07.02.2023 r.
Katedra Morfologii i Embriologii Cztowieka,

Zaktad Histologii i Embriologii,

Uniwersytet Medyczny im. Piastéw Slaskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy

Agnieszka Pinkowska, Katarzyna Nowiriska, Urszula Ciesielska, Marzenna Podhorska- Okotéw. Irisin
Association with Ki-67, MCM3 and MT-I/Il in Squamous Cell Carcinomas of the Larynx.
Biomolecules 2022, 12, 52. https://doi.org/10.3390/biom12010052, IF: 6.064; Pkt. MNiE: 100,00

moj udziat polegat na pomocy w przygotowaniu i ttumaczeniu na jezyk angielski tekstu

manuskryptu.

Podpis
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Prof. dr hab. Marzenna Podhorska-Okotéw Wroctaw, dn. 07.02.2023 r.
Zaktad Badan Ultrastrukturalnych
Uniwersytet Medyczny im. Piastéw Slaskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy

Agnieszka Pinkowska, Katarzyna Nowirska, Urszula Ciesielska, Marzenna Podhorska- Okotéw. Irisin
Association with Ki-67, MCM3 and MT-I/Il in Squamous Cell Carcinomas of the Larynx.
Biomolecules 2022, 12, 52. https://doi.org/10.3390/biom12010052, IF: 6.064; Pkt. MNiE: 100,00

mdj udziat polegat na nadzorze merytorycznym catego projektu naukowego obejmujacego badania

opisane w tej pracy, a takze recenzowaniu i korekcie wstepnej wersji manuskryptu.

Podpis

M. Rodtoy e Ol
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KOMISJA BIOETYCZNA

przy

Uniwersytecie Medycznym

we Wroctawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB —355/2019

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 p6zniejszymi
zmianami ) w sktadzie:

prof.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, prof. nadzw. (duchowny)

mgr Luiza Miiller  (prawo)

dr hab. Stawomir Sidorowicz (psychiatria)

dr hab. Leszek Szenborn, prof. nadzw (pediatria, choroby zakazne)

Danuta Tarkowska (pielggniarstwo)

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

dr hab. Andrzej Wojnar, prof. nadzw. (histopatologia, dermatologia) przedstawiciel
Dolnos$laskiej 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.:

»Ekspresja iryzyny w rakach plaskonablonkowych krtani”
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zgloszonym przez lek. Agnieszke Pinkowskg zatrudniong w  Zakfadzie Anatomii
Prawidlowej Katedry Morfologii i Embriologii Czlowieka Uniwersytetu Medycznego we
Wroctawiu  oraz ztozonymi wraz z wnioskiem dokumentami, w tajnym glosowaniu
postanowila wyrazié zgode na przeprowadzenie badania w Klinice Otolaryngologii, Chirurgii
Glowy i Szyi USK oraz Zakladzie Anatomii Prawidtowej Katedry Morfologii i Embriologii
Czlowieka UMW pod  nadzorem prof. dr hab. Marzenny Podhorskiej - Okolow pod
warunkiem zachowania anonimowosci uzyskanych danych.

Uwaga: Badanie to zostato obj¢te ubezpieczeniem odpowiedzialnosci cywilnej Uniwersytetu
Medycznego we Wroctawiu z tytutu prowadzone] dziatalnosci.

Pouczenie: W ciggu 14 dni od otrzymania decyzji wnioskodawcy przystuguje prawo
odwotania do Komisji Odwotawczej za po$rednictwem Komisji Bioetycznej UM we

‘Wroctawiu.

Opinia powyzsza dotyczy projektu badawczego bedacego podstawg rozprawy doktorskiej.

A

Wroctaw, dnia kwietnia 2019 r.

Uniwersytet Medyczny we Wr. clawiy
KOMISJA BIO ZNA
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Dorobek naukowy

1. Publikacje w czasopismach naukowych

1.1 Publikacje w czasopi$mie z IF

Lp Opis bibliograficzny IF Punkty

1 | Pinkowska Agnieszka, Podhorska-Okotéw Marzenna, Dziegiel | 7,666 140
Piotr, Nowinska Katarzyna: The role of irisin in cancer disease,
Cells, 2021, vol. 10, nr 6, art.1479 [22 s.],
DO0I:10.3390/cells10061479

2 | Pinkowska Agnieszka, Nowiniska Katarzyna, Ciesielska 6,064* 100
Urszula, Podhorska-Okotdw Marzenna: Irisin association with
Ki-67, MCM3 and MT-I/Il in squamous cell carcinomas of the
larynx, Biomolecules, 2022, vol. 12, nr 1, art.52 [15 s.],
DO0I:10.3390/biom12010052

Podsumowanie | 13,730 240
*IF 2021
1.2 Publikacje w czasopi$mie bez IF

Lp Opis bibliograficzny Punkty

1 | Mastalerz-Migas Agnieszka, Muszynska Agnieszka, Pokorna-Katwak 3
Dagmara, Pawtowska-Pinkowska Agnieszka, Czajczyriska Anna, Wabik
Aleksandra, Drobnik Jarostaw, Steciwko Andrzej: Czy nalezy mierzy¢
ci$nienie dzieciom w wieku przedszkolnym?, Family Medicine &
Primary Care Review, 2007, vol. 9, nr 3, s. 528-531

2 | Muszynska Agnieszka, Pawtowska-Pinkowska Agnieszka, Mastalerz- 3
Migas Agnieszka, Pokorna-Katwak Dagmara, Wychowaniec Katarzyna,
Steciwko Andrzej: Trudnosci diagnostyczne w skgpoobjawowych,
pozaszpitalnych zapaleniach ptuc - opis przypadku, Family Medicine &
Primary Care Review, 2007, vol. 9, nr 3, s. 916-918

3 | Muszynska Agnieszka, Pawtowska-Pinkowska Agnieszka, Pokorna- 6
Katwak Dagmara, Mastalerz-Migas Agnieszka, Roth Hanna, Steciwko
Andrzej: Ocena przydatnosci szybkich testdw CRP w ostrych infekcjach
u dzieci, Family Medicine & Primary Care Review, 2008, vol. 10, nr 3, s.
535-538

4 | Pokorna-Katwak Dagmara, Pawtowska-Pinkowska Agnieszka, Sapilak 6

Bartosz J., Mastalerz-Migas Agnieszka, Muszyriska Agnieszka, Steciwko
Andrzej: Wyszczepialno$é szczepionkami skojarzonymi w Praktyce
Lekarza Rodzinnego we Wroctawiu, Family Medicine & Primary Care
Review, 2008, vol. 10, nr 3, s. 612-614
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Pawtowska-Pinkowska Agnieszka, Pokorna-Katwak Dagmara, Roemer-
Slimak Roma, Muszyriska Agnieszka: Najczestsze problemy zdrowotne
u 2- i 4-latkdw w praktyce lekarza rodzinnego, Family Medicine &
Primary Care Review, 2010, vol. 12, nr 3, s. 778-780

Pokorna-Katwak Dagmara, Roemer-Slimak Roma, Muszyriska
Agnieszka, Pawfowska-Pinkowska Agnieszka, Steciwko Andrze;j:
Zachorowalnos$é na ospe wietrzng w populacji dzieci szczepionych
jednorazowg dawkg szczepionki Varilrix w praktyce lekarza
rodzinnego, Family Medicine & Primary Care Review, 2010, vol. 12, nr
3,s.791-793

Pokorna-Katwak Dagmara, Roemer-Slimak Roma, Pawtowska-
Pinkowska Agnieszka, Muszynska Agnieszka, Steciwko Andrzej:
Wyszczepialno$¢ przeciwko kleszczowemu zapaleniu mézgu w
populacji dzieci od 1. do 18. roku zycia w praktyce lekarza rodzinnego,
Family Medicine & Primary Care Review, 2010, vol. 12, nr 3, s. 794-796

Pokorna-Katwak Dagmara, Pinkowska Agnieszka, Muszynska
Agnieszka: Szczepienia przeciw wirusowi HPV w praktyce lekarza
rodzinnego, Family Medicine & Primary Care Review, 2011, vol. 13, nr
3, 5.497-500

Domagata Zygmunt, Pinkowska Agnieszka, Piotrowska Aleksandra,
Domanski Jurand, Tarkowski Victoria, Zimmer-Stelmach Aleksandra,
Sliwa Jakub: Utility of the Movat pentachrome stain technique in the
microanatomical analysis of the human placenta, Italian Journal of
Anatomy and Embryology, 2022, vol. 126, nr 2, s. 25-32,
DOI:10.36253/ijae-13882

40

Podsumowanie

82

1.3 Publikacje w czasopi$mie - prace kontrybutorskie -

2. Monografie naukowe

2.1 Ksigzka autorska -
2.2 Ksigzka redagowana -

2.3 Rozdziaty

Lp

Opis bibliograficzny

Punkty

1

Pawtowska-Pinkowska Agnieszka, Mastalerz-Migas Agnieszka,
Steciwko Andrzej: Badania hematologiczne, uktadu krzepniecia,
moczu, katu, badania mikrobiologiczne, W: Vademecum umiejetnosci
praktycznych lekarza rodzinnego, (red.) Andrzej Steciwko, Wroctaw
2007, Akad. Med., s. 49-62, ISBN 978-83-7055-127-8

Pawtowska-Pinkowska Agnieszka, Mastalerz-Migas Agnieszka,
Steciwko Andrzej: Badania biochemiczne i immunochemiczne w
surowicy krwi, W: Vademecum umiejetnosci praktycznych lekarza
rodzinnego, (red.) Andrzej Steciwko, Wroctaw 2007, Akad. Med., s. 63-
78, ISBN 978-83-7055-127-8
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3 | Pawtowska-Pinkowska Agnieszka, Muszyriska Agnieszka, Pokorna-
Katwak Dagmara, Siejka Dominika: Zapalenia opon mdzgowo-
rdzeniowych w praktyce lekarza rodzinnego, W: Wybrane zagadnienia
z praktyki lekarza rodzinnego. T.13: Kardiologia, nefrologia,
psychologia, pediatria, geriatria, (red.) Andrzej Steciwko, Agnieszka
Mastalerz-Migas, Wroctaw 2008, Wydawnictwo Continuo, s. 133-142,
ISBN 978-83-89629-93-7

4 | Pinkowska Agnieszka, Rohan-Fugiel Anna, Gworys Bohdan:
Knowledge of cervix cancer and human papilloma infection in 13-year-
old females in relation to conducted protective vaccination. A
preliminary study, W: Wellness and age, (red.) Ryszard Asienkiewicz,
Matgorzata Biskup, Lublin 2016, NeuroCentrum, s. 121-135, ISBN 978-
83-61495-91-8

5 | Rohan Anna, Fugiel Jarostaw, Buraczynska Sandra, Kowalski Henryk,
Pinkowska Agnieszka, Gworys Bohdan: Fitness effects of resistance
tube exercise in women over 60 years of age, W: Wellness and age,
(red.) Ryszard Asienkiewicz, Matgorzata Biskup, Lublin 2016,
NeuroCentrum, s. 137-146, ISBN 978-83-61495-91-8

6 | Pinkowska Agnieszka, Dgbrowski Pawet, Domagata Zygmunt, Wozniak
Stawomir, Rohan-Fugiel Anna, Karykowska Aleksandra: Secondary
prevention and oncological screening methods of breast cancer and
cervical cancer: recommendations in Poland and abroad, W: Health
and its determinants, (red.) Wiestaw Kurlej, Halina Krél, Lublin 2017,
NeuroCentrum, s. 159-172, ISBN 978-83-61495-67-3, [Publikacja w
wydawnictwie spoza listy MNiSW]

7 | Rohan Anna, Fugiel J., Nyc M., Pinkowska Agnieszka, Dgbrowski
Pawet, Domagata Zygmunt, Kacata Ryszard, Wozniak Stawomir:
Physical activity and the quality of life in men over the age of 60, W:
Health and its determinants, (red.) Wiestaw Kurlej, Halina Krél, Lublin
2017, NeuroCentrum, s. 173-181, ISBN 978-83-61495-67-3, [Publikacja
w wydawnictwie spoza listy MNiSW]

8 | Rohan Anna, Chromik K., Jakubiec D., Pinkowska Agnieszka, Sobiech
K.A.: Selected lifestyle factors in first-year male university students, W:
Prevention and health education, (red.) Henryk Duda, Matgorzata
Biskup, Tomasz Wadijcik, Lublin 2017, NeuroCentrum, s. 157-166, ISBN
978-83-61495-55-0, [Publikacja w wydawnictwie spoza listy MNiSW]

9 | Dabrowski Pawet, Grzelak Joanna, Kotylak Aleksandra, Olchowy
Cyprian, Kulus Michat, Kurc-Darak Bozena, Domagata Zygmunt, Jura
Maksym, Wozniak Stawomir, Rohan-Fugiel Anna, Pinkowska
Agnieszka: Wstepna ocena stanu zdrowia i kondycji biologicznej
ludnos$ci pochowanej na cmentarzu miejskim w Raciborzu (XIX/XX w.),
W: Zagrozenie zycia i zdrowia cztowieka, (red.) Jozef Tatarczuk, Bozena
Zboina, Pawet Dgbrowski, Lublin 2017, NeuroCentrum, s. 39-62, ISBN
978-83-61495-71-0, [Publikacja w wydawnictwie spoza listy MNiSW]
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10

Pinkowska Agnieszka: Opieka nad pacjentem z rakiem krtani po 20
laryngektomii, W: Kompleksowa opieka nad pacjentem w chorobach
cywilizacyjnych, (red.) Marzenna Podhorska-Okotéw, Adam
Matkowski, Izabella Uchmanowicz, Wroctaw 2020, Uniwersytet
Medyczny im. Piastéw Slaskich we Wroctawiu, s. 175-179, ISBN 978-
83-7055-636-5

Podsumowanie 65

3. Varia

3.1 Komentarz -

3.2 Inne
Lp Opis bibliograficzny
1 | Muszynska Agnieszka, Pawtowska-Pinkowska Agnieszka: Sprawozdanie z |

Kongresu Top Medical Trends 2007. Polska, Poznan, 16-18 marca 2007 r., Family
Medicine & Primary Care Review, 2007, vol. 9, nr 2, s. 321-324

2 | Pawtowska-Pinkowska Agnieszka, Muszynska Agnieszka: Sprawozdanie z Il
Kongresu Top Medical Trends 2008, Poznan 7-9 marca 2008 r., Family Medicine
& Primary Care Review, 2008, vol. 10, nr 2, s. 281-284

3 | Muszynska Agnieszka, Pawtowska-Pinkowska Agnieszka: Il Kongres Top Medical

Trends 2008 [Poznan, 7-9 marca 2008 r.], Medium. Gazeta Dolnoslaskiej Izby
Lekarskiej, 2008, nr 7-8, s. 23

4. Abstrakty

Lp

Opis bibliograficzny

Domagata Zygmunt, Pinkowska Agnieszka, Piotrowska Aleksandra, Kobierzycki
Christopher, Gomutkiewicz Agnieszka, Kurc-Darak Bozena, Dziegiel Piotr:
Ekspresja nestyny w prawidtowym dojrzatym tozysku ludzkim - doniesienie
wstepne, W: 52. Zjazd Naukowy Polskiego Towarzystwa Histochemikow i
Cytochemikéw "Immunohistochemia i biologia molekularna w morfologii".
Biatystok, 13-16 wrzesnia 2018. Streszczenia prezentacji ustnych oraz
plakatowych 2018, 4 poz.U3

Pinkowska Agnieszka, Zimmer Aleksandra, Sliwa Jakub, Tarczyriska Anna,
Piotrowska Aleksandra, Gomutkiewicz Agnieszka, Kurc-Darak Bozena, Dziegiel
Piotr, Domagata Zygmunt: Ekspresja wybranych biatek w tozysku ludzkim, W:
52. Zjazd Naukowy Polskiego Towarzystwa Histochemikdw i Cytochemikéw
"Immunohistochemia i biologia molekularna w morfologii". Biatystok, 13-16
wrzesnia 2018. Streszczenia prezentacji ustnych oraz plakatowych 2018, 5
poz.U4
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3 | Domagata Zygmunt, Pinkowska Agnieszka, Zimmer Aleksandra, Sliwa Jakub,
Piotrowska Aleksandra, Wozniak Stawomir, Dziegiel Piotr: Are any lymphatics
vessels in normal human placenta - podoplanin, LYVE-1 and VGFR3
immunohistochemistry expression - the preliminary study, W: 114th Annual
Meeting - 33. Arbeitstagung der Anatomischen Gesellschaft. Wiirzburg, 25-27
September 2019. Posterabstracts [online] 2019, poz.158, [[Dostep 13.11.2019].
Dostepny w: https://anatomische-
gesellschaft.de/data/uploads/content/abstract-archiv/AGM-2019-114-
Poster.pdf]

4 | Kurc-Darak Bozena, Kornafel Danuta, Pinkowska Agnieszka, WozZniak Stawomir,
Domagata Zygmunt: Kondycja biologiczna chorych na zwyrodnienie stawu
kolanowego, W: XLVII Ogdlnopolska Konferencja Naukowa Polskiego
Towarzystwa Antropologicznego "Antropos - miedzy naturg a kulturg". Krakéw,
11-13 wrzesénia 2019 r. Program oraz streszczenia referatow i prezentacji
plakatowych 2019, 36a

Sumaryczny impact factor: 13,730

Punktacja MNiSW
do roku 2018 87,0
od roku 2019 300,0
Razem: 387,0
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