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Uplatnenie vysledkov projektu

Na zaklade vysledkov ziskanych pocas rieSenia projektu a modelov vyvinutych pre jeho
potreby, sme nadviazali viacero narodnych ako aj medzinarodnych spoluprac a uspesne
ziskali viacero projektov (narodnych - VEGA, APVW a medzinarodnych - MVTS Horizont
2020). Prostrednictvom tychto projektov sme zalozili biobanku mezenchymovych
stromalnych buniek, ktora obsahuje viac ako 300 vzoriek MSC a biobanku nadorovych
tkaniv kultivovanych vo forme organoidov, ktora pozostava z viac ako 30tich vzoriek. Okrem
toho sme vyvinuli rezistentné varianty viacerych nadorovych bunkovych linii, ktoré budu
spolu s bunkami v biobankach predmetom vyskumu v novo-ziskanych projektoch.

Okrem spominanych buniek sme ziskali viacero cennych spoluprac, pricom na zaklade
detekcie inervacie u imunodeficientnych mysi budeme v spolupraci s Klinikou patolégie LF
UK analyzovat vzorky nadorov u pacientiek po neoadjuvancii, aby sme zistili, €i je nami
pozorovana zvySena inervacia pritomna aj u ludi.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
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Chemoterapia predstavuje pri karcinome prsnika Standardny lieCebny postup napriek jej
toxickym ucinkom aj na zdravé tkaniva a aj napriek tomu, Ze prave tieto dihotrvajuce uc€inky
na nemaligne zdravé bunky mdzu spatne ovplyvnit spravanie nadorovych buniek a ich
odpoved na terapiu. Hlavnym ciefom projektu bolo odhalit’ mechanizmus indukovanej
tolerancie ku chemoterapeutikam, ktort v nadorovych bunkach navodzuju mezenchymové
stromalne bunky (MSC) ovplyvnené chemoterapiou a identifikovat signalne drahy a
molekuly, ktoré tento efekt sprostredkuju. Pésobenim chemoterapie dochadza k vyraznym
zmenam v produkcii réznych rastovych faktorov a moze dochadzat’ aj k zmenam niektorych
bunkovych procesov. My sme pozorovali, ze u MSC buniek vystavenych uc€inku
chemoterapeutik dochadza k CiastoCnej senescencii a k zvySeniu autofagie. Expozicia
chemoterapeutikam viedla k zvySeniu sekrécie SDF-1q, IL-32, THBS-1, DPPIV a uPAR v
porovnani s neovplyvnenymi MSC. Paklitaxelom ovplyvnené MSC produkovali menej
CXCL5, endoglinu a DKK-1, ale exresia IL-32 sa ako pri ovplyvneni doxorubicinom zvysila.
Ovplyvnenie MSC buniek viedlo aj k zvySeniu medzibunkovej komunikacie (prostrednictvom
GAP junctions) s trojito-negativnymi MDA-231 bunkami a s HER2 pozitivnymi JIMT-1
bunkami. Predpokladame, Ze prave zvySenie medzibunkovej signalizacie mohlo viest k
podpornému efektu DOX-MSC a PAC-MSC na invazivny potencial nadorovych buniek in
vivo, ktory bol detekovany prostrednictvom histologickej analyzy. Na preparatoch sme vo
vzorkach s predovplyvnenymi MSC pozorovali invazivny front nadorovych buniek, ktory bol
obklopeny malymi adipocytmi so Sir§imi medzibunkovymi priestormi, o naznacuje
prestavbu extracelularnej matrix. Takéto Struktury sa v literatire oznacuju ako “crown-like
structures” a pozostavaju z makrofagov obklopujucich mftve alebo zomierajuce adipocyty a
byvaju asociované s pro-zapalovymi procesmi, ktorymi tukové tkanivo prispieva k zhorSeniu
prognozy karcindmu prsnika. Ked sme injekovali MDA+DOX-MSC imunodeficientnym
mysSiam, pozorovali sme metastatické Sirenie pozdIz tukového tkaniva a detekovali
pritomnost metastatickych buniek v plucach mysi. Predpokladame, Ze za tieto efekty by
mohli byt rovnako zodpovedné zvySené hladiny SDF-1a a IL-32 produkované MSC bunkami
po vystaveni doxorubicinu, pricom za zvySenu angiogenézu by mohla byt zodpovedna
aktivacia matrix metaloproteindz. Produkcia MMP bola asociovana so zvySenymi hladinami
IL-32 a CXCL12, ktorych zvySena sekrécia bola u predovplyvnenych MSC pozorovana.
Ked sme analyzovali expresiu VEGF v kokulturach s DOX-/PAC-MSC, pozorovali sme
opacné vysledky (zvySenu expresiu u JIMT-1 buniek a znizenu u MDA-231 buniek), ¢o
naznacuje, Ze hoci predovplyvnené MSC spdsobili rovnaky efekt (zvySenu angiogenézu), su
zan zodpovedné rozli€éné mechanizmy v zavislosti od rozli€nych molekularnych typov
nadorovych buniek. Okrem zvySeného invazivneho potencidlu sme pozorovali aj zvySenu
inervaciu nadorov obsahujucich predovplyvnené MSC. Sympatikovy nervovy systém bol
korelovany so zhorSenou progndézou a zvySenym metastazovanim u karcinomu prsnika.
Nase vysledky naznacuju, ze neoadjuvantna chemoterapia mdze ovplyvnit' inak zdravé
bunky v prsnikovom tkanive a pozmenit ich na nador a metastazovanie podporujuce
prostredie. Spravne pochopenie nadorového mikroprostredia a jeho komplexnej
signalizaCnej siete nas moze priviest blizSie k schopnosti rozoznat’ mechanizmy, ktoré vedu
k neucinnosti Standardnej lieCby a k dosiahnutiu lepSieho lieCebného vysledku.

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

Chemotherapy remains a standard treatment option for breast cancer despite its toxic
effects to normal tissues and despite the fact that the long-lasting effects of chemotherapy
on non-malignant cells may influence tumor cell behavior and response to treatment. The
main aim of this project was to analyse the mechanism of the mesenchymal stromal cell-
induced tolerance to antitumor treatment and to identify the responsible signalling pathways.
Following chemotherapy, the microenvironment of breast cancer changes the milieu of
growth factors and could lead to changes in many cellular processes. We have observed
partially senescent MSC population after treatment and higher authopagy in DOX- and PAC-
MSC. The exposure to chemotherapy was associated also with increased secretion of SDF-
1a, IL-32, THBS-1, DPPIV and uPAR when compared to unexposed MSC. Paclitaxel
exposure resulted in decreased production of CXCL5, endoglin, Dkk-1 and increased
production of IL-32. The chemotherapy-exposed MSC communicated with triple-negative
MDA-MB-231 cells and HER2+ JIMT cells via gap junctions more than unexposed MSC.
This could be the reason for higher supportive effect of DOX-MSC and PAC-MSC on the
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invasive potential of tumor cells in vivo, where histological tumor xenograft analysis revealed
increased tumor cell invasion only in MDA cells co- injected with DOX-MSC or PAC-MSC.
Additionally, tumor invasive front was surrounded by smaller adipocytes with wider
intercellular spaces showing rearrangements of the extracellular matrix in close proximity to
the invasive front. Those crown-like structures composed of macrophages surrounding dead
or dying adipocytes were associated with pro-inflammatory processes by which adipose
tissue contributes to a worse prognosis of breast cancer. When MDA+DOX-MSC were
injected into immunodeficient mice, metastatic tumor cells migrating alongside adipose
tissue and the presence of metastatic cells in the lungs were detected. We suppose that
also higher levels of SDF-1and IL-32 produced by MSC after DOX exposure may contribute
to the metastasizing into lungs and to the increased angiogenesis via activation of MMPs.
MMPs production was shown to be connected to increased level of IL-32 and CXCL12,
which higher secretion was found in chemotherapy-exposed MSC. When we analyzed the
expression of VEGF in co-cultures with DOX-/PAC-MSC, opposite results in VEGF
expression were achieved (increased expression of VEGF in case of JIMT cells and
decreased in MDA cells). This suggests that even though chemotherapy-exposed MSC
caused a similar effect on angiogenesis, the underlying mechanism might differ for individual
molecular subtypes. In addition to the higher invasive potential of tumor cells co-injected
with chemotherapy-exposed MSC, we have observed also increased neural infiltration and
increased nerve fibers formation. The sympathetic nervous system was found to be
correlated with poor prognosis and metastatic rate in breast cancer. Data presented in this
study suggest that neoadjuvant chemotherapy could possibly alter otherwise healthy stroma
in breast tissue into a hostile tumor-promoting and metastasis favoring niche. Understanding
of the tumor microenvironment and its complex net of signals brings us closer to the ability
to recognize the mechanisms that prevent failure of standard therapy and accomplish the
curative purpose.
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