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Uplatnenie vysledkov projektu

V sucasnosti je genistein v klinickom testovani a testy naznacuju, Zze jeho systémové
uzivanie je efektivne a bezpecné pri prevencii a lieCbe vybranych onkologickych ochoreni
(Khan et al. Cancer Prev Res 2012; 5():309-19; Lohr et al. Pancreatology 2016; 16(): 640-
5). Z tohto pohladu mézeme predpokladat, Ze jeho testovanie ako molekuly zrychlujuce;j
hojenie ran u post-menopauzalnych zien by mohlo byt tiez bezpecné a efektivne. Pokial by
sa nam podarilo najst vhodny nosi¢ pre jeho lokalnu aplikaciu (bez nutnosti systémovej
lie€by vo forme napr. aktivneho krytia ran), zasadnym spdsobom by sme tak zvysili a
zjednodusili jeho klinicku aplikovatefnost'.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Deprivacia estrogénu je jednym z hlavnych faktorov zodpovednych za mnohé procesy
suvisiace s vekom vratane zlého hojenia ran u Zien po menopauze. AvSak uvadzané
vedlajSie uCinky estrogénovej substitu¢nej terapie (EST) znemozniuju jej Sirokeé klinické
vyuzitie. Preto boli vyvinuté selektivne modulatory estrogénovych receptorov (SERM), ktoré
redukuju Skodlivych vedlajSie u€inky EST na prsnik a maternicu. Pouzitie prirodnych
produktov izolovanych z rastlin (napr. séja) moze predstavovat’ sflubny zdroj biologicky
aktivnych zlu€enin (napr. genistein) ako u€innych alternativ konvencénej lieCby. Genistein
ako prirodzeny SERM ma jedine€nu schopnost selektivne pbsobit ako agonista alebo
antagonista tkanivovo Specifickym spésobom, t.j. zlepSuje hojenie koZe a su€asne vykazuje
protinadorové a chemopreventivne viastnosti (Curr Issues Mol Biol. 2021 17;43(1) :127-
141). V tejto suvislosti sme sarozhodli vyhodnotit ochranny u¢inok genisteinu, prirodzeného
SERM, na hojenie ran u potkanov a v sérii in vitro experimentov na endotelovych bunkach,
fibroblastoch a keratinocytoch (diferenciacia, migracia, proliferacia, antioxidacné vlastnosti a
profilovanie génovych expresnych profilov po stimulacii genisteinom).

Nase vysledky ukazali, ze podavanie genisteinu zvysilo viabilitu koznych lalokov, ale ¢o je
délezité, rozdiel je vyznamny len vtedy, ked sa lieCba zacne 3 dni pred vytvorenim laloka
(Molecules. 2018 Jul 4;23(7):1637). Na zaklade naSich in vitro experimentov mozno
predpokladat, Ze zakladny mechanizmus méze byt skor sprostredkovany zvySenim aktivity
SOD a expresiou Bcl-2 (Folia Biol (Praha). 2020;66(4):142-147). Nasledne sme porovnavali
aj genistein s rastlinnym extraktmi (Cervenej dateliny a séje) obsahujucimi fytoestrogény.
Genistein vykazoval priamu korelaciu medzi vyznamnymi prooxidacnymi uc¢inkami pri
cytotoxickych koncentraciach a takmer Ziadnymi prooxidanymi ucinkami pri
necytotoxickych koncentraciach. Okrem toho testovany extrakt z ervenej dateliny a
genistein indukovali expresiu keratinu-8 (luminalny a prognosticky marker pri rakovine
prsnika) iba v bunkach MCF-7 (estrogén-pozitivny karcindm prsnika), ale tento u€inok nebol
pozorovany po oSetreni extraktom zo séjovych bébov. Z tohto hlfadiska zostava eSte
neobjasneny vplyv konzumacie fytoestrogénov na estrogén-pozitivnu rakovinu prsnika.
Tieto udaje ukazuju, Ze rézne rastlinné extrakty obsahujuce fytoestrogén a genistein su
schopné Specificky modulovat' antioxidacné vlastnosti a diferenciaciu Studovanych buniek.
Paralelne sme tiez vykonali profilovanie génovej expresie v endotelovych bunkach po
stimul&cii genisteinom (Molecules. 2018 Jul 4;23(7):1637). Spomedzi 84 analyzovanych
génov 9 vykazovalo vyznamnu up-regulaciu (= dvojnasobny rozdiel; p hodnota < 0,05) v
HUVEC oSetrenych genisteinom (100 nM) v pritomnosti VEGF v porovnani s pozitivnou
kontrolou VEGF (tabulka 2). Je potrebné poznamenat, Ze po lieCbe genisteinom v
pritomnosti VEGF sme zistili, Ze Ziadne gény neboli down-regulované v porovnani s
pozitivnou kontrolou VEGF. Analyza podrobne odhalila 9 upregulovanych génov
(podporujuce angiogenézu/zapal: CTGF, CXCL5, IL-6, ITGB3, MMP-14 a VEGF-A; inhibicia
angiogenézy: COL18A1, TIMP-2 a TIMP-3) . Na druhej strane expresia tychto génov nebola
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deregulovana v HUVEC po lie€be genisteinom v nepritomnosti VEGF. Pri tejto lieCbe boli v
porovnani s kontrolou down-regulované iba dva gény (CXCL10 a SERPINF1).
Transformujuci rastovy faktor beta 1 (TGF-beta1) je pro-fibroticky cytokin s klu€ovou ulohou
pri hojeni a regeneracii ran, vratane indukcie prechodu fibroblastov na myofibroblasty.
Ukazalo sa, ze genistein ma slubné antifibrotické vlastnosti. V tomto projekte sme tiez
skumali na proteinovej urovni, i genistein moduluje TGF-beta1 (kanonicku a nekanonicku)
signalizaciu v normalnych dermalnych fibroblastoch (Physiol Res. 2021 Nov 29;70(5):815-
820). Ukazali sme, ze TGF-beta1 indukuje fenotyp podobny myofibroblastom v Studovanej
fibroblastovej signalizacii prostrednictvom kanonickych (SMAD) a nekanonickych (AKT,
ERK1/2, ROCK) drah. Genistein indukoval iba expresiu ERK1/2, zatial ¢o kombinacia TGF-
beta1 a genisteinu zoslabovala signalizaciu ERK1/2 a ROCK. Je potrebné poznamenat, Ze
ostatné Studované drahy zostali takmer nedotknuté. Z tohto hladiska genistein nezhor$uje
konverziu normalnych fibroblastov na bunky podobné myofibroblastom.

V suhrne sme pozorovali ochranny u¢inok genisteinu na Zivotaschopnost koZznych lalokov a
biologické procesy zapojené do hojenia ran, ktoré by monhli byt potencialne aplikované v
plastickej chirurgii u (postmenopauzalnych) zien podstupujucich rekonstrukény a/alebo
plasticky zakrok. Napriek tomu je potrebny dalSi vyskum na najdenie optimalneho
lieCebného protokolu na pouzitie v klinickej praxi u ludi.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Estrogen deprivation is one of the major factors responsible for many age-related processes
including poor wound healing in postmenopausal women. However, the reported side-
effects of estrogen replacement therapy (ERT) have precluded broad clinical administration.
Therefore, selective estrogen receptor modulators (SERMs) have been developed to
overcome the detrimental side effects of ERT on breast and/or uterine tissues. The use of
natural products isolated from plants (e.g., soy) may represent a promising source of
biologically active compounds (e.g., genistein) as efficient alternatives to conventional
treatment. Genistein as natural SERM has the unique ability to selectively act as agonist or
antagonist in a tissue-specific manner, i.e., it improves skin repair and simultaneously exerts
anti-cancer and chemopreventive properties (Curr Issues Mol Biol. 2021 17;43(1):127-141).
In this context, we decided to evaluate the protective effect of genistein, a natural SERM, on
wound healing in rats and in a series of in vitro experiments on endothelial cells, fibroblasts
and keratinocytes (differentiation, migration, proliferation, antioxidant properties, and gene
expression profiling following genistein treatment).

Our results showed that administration of genistein increased skin flap viability, but
importantly, the difference is only significant when treatment is started 3 days prior the flap
surgery (Molecules. 2018 Jul 4;23(7):1637). Based on our in vitro experiments, it may be
hypothesized that the underlying mechanism may rather by mediated by increasing SOD
activity and Bcl-2 expression (Folia Biol (Praha). 2020;66(4):142-147). Subsequently, we
also compared genistein with plant extracts (red clover and soy) containing phytoestrogens.
Genistein showed a direct correlation between significant pro-oxidative effects at cytotoxic
concentrations and almost no pro-oxidative effects at non-cytotoxic concentrations.
Moreover, the tested red clover extract and genistein induced keratin-8 (luminal and
prognostic marker in breast cancer) expression only in MCF-7 cells, but this effect was not
seen following treatment with the soybean extract. From this point of view, the effect of
consumption of phytoestrogens in oestrogen-positive breast cancer remains to be
elucidated. These data demonstrate that various phytoestrogen-containing plant extracts
and genistein are able to specifically modulate antioxidant properties and differentiation of
studied cells. In parallel, we also performed gene expression profiling in endothelial cells
following genistein treatment (Molecules. 2018 Jul 4;23(7):1637). Among the 84 genes
analyzed, 9 showed a significant up-regulation (= two fold difference; p value < 0.05) in
HUVECs treated with genistein (100 nM) in the presence of VEGF compared to VEGF
positive control (Table 2). Of note, no genes were found to be down-regulated following
genistein treatment in the presence of VEGF compared to VEGF control. In detail, the
analysis revealed 9 up-regulated genes (angiogenesis/inflammation promoting: CTGF,
CXCLS5, IL-6, ITGB3, MMP-14, and VEGF-A; angiogenesis inhibiting: COL18A1, TIMP-2,
and TIMP-3). On the other hand, the expression of these genes was not deregulated in
HUVECs after treatment with genistein in the absence of VEGF. Under this treatment, only
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two genes were down-regulated (CXCL10 and SERPINF1) compared to control.

In addition, transforming growth factor beta 1 (TGF-beta1) is a pro-fibrotic cytokine with a
key role in wound repair and regeneration, including induction of fibroblast-to-myofibroblast
transition. It has been shown that genistein exerts promising anti-fibrotic properties. In the
present project we also investigated whether genistein modulates TGF-beta1 (canonical and
non-canonical) signaling in normal dermal fibroblasts at the protein level (Physiol Res. 2021
Nov 29;70(5):815-820). We demonstrated that TGF-beta1 induces the myofibroblast-like
phenotype in the studied fibroblast signaling via canonical (SMAD) and non-canonical (AKT,
ERK1/2, ROCK) pathways. Genistein induced only ERK1/2 expression, whereas the
combination of TGF-beta1 and genistein attenuated the ERK1/2 and ROCK signaling. Of
note, the other studied pathways remained almost unaffected. From this point of view,
genistein does not impair conversion of normal fibroblasts to myofibroblast-like cells.

In summary, we observed a protective effect of genistein on skin flap viability and biological
processes involved in wound healing which could be potentially applied in plastic surgery to
(post-menopausal) women undergoing a reconstructive and/or plastic intervention.
Nevertheless, further research is needed to find the optimal treatment protocol for the use in
human clinical practice.
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