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Uplatnenie vysledkov projektu

Ziskané vysledky mozu byt vyuzité ako nové doplfiujuce diagnostické biomarkery, ktoré v
ramci personalizovaného pristupu ku pacientovi mézu presnejSie charakterizovat
histologicky podtyp TGCT, a tym umoznit presnejSiu stratifikaciu jednotlivych pacientov.
Tieto biomarkery mézu v€as odhalit’ vznik alebo rozvoj chemorezistencie na Standardnu
terapiu, na zaciatku alebo v priebehu lieCby pacienta, tym zmiernit zbyto€né vedlajSie
u€inky toxickej lieCby, ktora je pre pacienta neefektivha. Pacientovi nasledne méze byt
aplikovana ina alebo intenzivnejSia terapia veduca k lepSim vysledkom. Tieto biomarkery
mozu zefektivnit monitoring prebiehajucej lieCby, a tym jej uspesnost. Vyuzitiu tychto
novych biomarkerov samozrejme musipredchadzat’ klinicka validacia.

Charakterizacia ulohy regulac¢nej osi HIF/miR-218/PP2A-PPP2R5A v chemorezistencii
otvara aj nové moznosti terapeutického cielenia jej jednotlivych komponentov. Tym vysledky
projektu mézu potencialne prispiet k vyvoju novych terapeutik alebo lieCebnych rezimov.

V neposlednom rade su vysledky projektu prispevkom k poznaniu molekularneho pozadia
malignity TGCT a pochopeniu regulacnych suvislosti na urovni bunky. Tieto vysledky
podporuju délezitost komplexnej epigenetickej regulacie pri nadorovych ochoreniach aich
lieCbe. TGCT su velmi dobrym modelom pre Studium CDDP rezistencie, nakolko mnohé na
CDDP dobre odpovedaju a vysoké percento pacientov je mozné vylie€it konvencnou
terapiou na baze CDDP, dokonca aj v metastatickom $tadiu. Poznanie mechanizmov,
ktorymi sa liSi rezistentny fenotyp od senzitivneho, otvara nové moznostilieCby nielen pre
TGCT, ale aj pre iné solidne malignity, kde lieCba pomocou CDDP zvy€ajne byva
prvoliniovou volbou.

Publikované vysledky projektu mozu vyvolat’ potencialne nové projektové Ziadosti, pripadne
nové spoluprace s domacimialebo zahraniénymi pracoviskami.

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

Nase vysledky ukazali, Ze expresia komponentov regula¢nej osi HIF/miR-218/PP2A-
PPP2R5A je asociovana s mierou rezistencie TGCT buniek jednotlivych histologickych
podtypov a vyznamne moduluje ich odpoved' na cisplatinu (CDDP). Transkripcny faktor HIF -
1a je klu€ovym regulatorom a miR-218 tuto odpoved epigeneticky moduluje. Porovnanie
TGCT bunkovych linii ukazalo signifikantne vysSiu expresiu miR-218, HIF-1/2/3 a
SLIT2/SLIT3 v rezistentnych liniach oproti senzitivnym a zdravej kontrole. Expresia oboch
fosfataz PP2A a PPP2R5A bola vyznamne vysSia vo vSetkych TGCT liniach oproti zdravej
kontrole, ale rezistentné linie sa od senzitivnych signifikantne liSili ich znizenou hladinou.
Vyuzitim siRNA inhibitorov miR-218 a HIF-1a sme ukazali, Ze obe fosfatazy su post-
transkripcne regulované prostrednictvom miR-218, ktora je spolu s oboma hostitelskymi
génmi SLIT2/3 (s HRE elementom v promotore) pod kontrolou transkripéného faktora HIF-
1a. Analyza promatorov fosfataz ukazala zanedbatelni mieru metylacie, naznacujuc
vyhradnu kontrolu ich downregulécie pri chemorezistencii prostrednictvom miR-218.
Epigeneticku kontrolu prostrednictvom miR-218 sme potvrdili aj pri vybranych génoch DNA
opravy. Funk&né zapojenie regulacnej osi HIF/miR-218/PP2A-PPP2R5A do CDDP
odpovede sme overili evaluaciou dvojviaknovych DNA zlomov (DSB) a porovnanim
mnozstva fosforylovanej vs. nefosforylovanej formy ATM, klfu€ového komplexného
aktivatora DNA opravy. ZvySené mnozstvo fosforylovanej formy ATM v rezistentnych TGCT
naznacuje moznu platnost’ nasSej hypotézy, Ze HIF-1a-indukovana expresia miR-218
downreguluje fosfatazy, ktoré nedostatocne defosforyluju ATM, tym predizuju aktivaciu DNA
opravnych drah s nasledkom zvySenej kapacity DNA opravy veducu k chemorezistencii.
ZvySena expresia HIF-1a/miR-218 a aktivacia osi HIF/miR-218/PP2A-PPP2R5A
kompromituje homologicku rekombinaciu, ktora spolu so zvySenou ucinnostou opravy
nukleotidovej exciznej opravy (upregulaciou XPA), mbze zvySit chemorezistenciu a
predikovat’ horSiu progn6zu pre TGCT pacienta. Komponenty osi HIF/miR-218/fosfatazy
predstavuju potencialne nové biomarkery CDDP rezistencie a prediktory uspeSnosti CDDP
lieCby. Spinenim ciefov projektu sa nam podarilo potvrdit' platnost stanovenych hypotéz.
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Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Our results showed that the expression of components of the HIF/miR-218/PP2A-PPP2R5A
regulatory axis is associated with the degree of resistance of TGCT cells of individual
histological subtypes and significantly modulates their response to cisplatin (CDDP). The
transcription factor HIF-1a is a key regulator, and miR-218 epigenetically modulates this
response. Comparison of TGCT cell lines showed significantly higher expression of miR-
218, HIF-1/2/3 and SLIT2/SLIT3 in resistant lines compared to sensitive and healthy control.
The expression of both phosphatases PP2A and PPP2R5A was significantly higher in all
TGCT lines compared to the healthy control, but the resistant lines differed significantly from
the sensitive ones in their reduced level. Using siRNA inhibitors of miR-218 and HIF-1a, we
showed that both phosphatases are post-transcriptionally regulated by miR-218, which
together with both host genes SLIT2/3 (with an HRE element in the promoter) is under the
control of the transcription factor HIF-1a. Analysis of phosphatases” promoters showed a
negligible level of methylation, suggesting exclusive control of their downregulation in
chemoresistance by miR-218. We also confirmed epigenetic control by miR-218 for selected
DNA repair genes. We verified the functional involvement of the HIF/miR-218/PP2A-
PPP2R5A regulatory axis in the CDDP response by evaluating double-stranded DNA breaks
(DSB) and comparing the amount of phosphorylated vs. non-phosphorylated form of ATM, a
key complex activator of DNA repair. The increased amount of the phosphorylated form of
ATM in resistant TGCTs suggests the potential validity of our hypothesis that HIF-1a-
induced expression of miR-218 downregulates phosphatases that insufficiently
dephosphorylate ATM, thus prolonging the activation of DNA repair pathways with the
consequence of increased DNA repair capacity leading to chemoresistance. Increased
expression of HIF-1a/miR-218 and activation of the HIF/miR-218/PP2A-PPP2R5A axis
compromises homologous recombination, which together with increased efficiency of
nucleotide excision repair (upregulation of XPA), may increase chemoresistance and predict
worse prognosis for TGCT patient. Components of the HIF/miR-218/phosphatase axis
represent potential novel biomarkers of CDDP resistance and predictors of CDDP treatment
outcomes. By meeting the goals of the project, we managed to confirm the validity of the
proposed hypotheses.
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