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Uplatnenie vysledkov projektu

V ramci zakladného vyskumu su nasSe vysledky odrazovym mostikom pri charakterizacii
mechanizmov vzniku vybranych nadorov mozgu, ako aj pochopenia vyvoja rezistencie na
temozolomid - ako hlavného pouzZivaného lie€iva. NaSe nadobudnuté poznatky pri
profilovani génov zodpovednych za rozvoj rakoviny, ako na pacientskych vzorkach tak aj na
bunkovych modeloch, predstavuju individualny pohlad na definovanie molekulovej
charakterizacie tumorogenézy. Okrem transkriptomického pohladu sme sa zamerali aj na
individualne aminokyseliny resp. enzymy zakladnych energetickych dejov, kde sme potvrdili,
metabolicki komplexnost, ¢i prispdsobovanie sa nadorovych buniek okolitym podmienkam.
Kombinacia experimentalnych vysledkov z viacerych OMIC vystupov je novym pristupom,
ktorého cielom je poméct identifikovat’ latentné molekulové vztahy, ktoré nam pomézu k
odhaleniu potencialnych prognostickych a prediktivnych markerov a tym sprostredkuju
personalizovany pristup k pacientom. NavySe, vygenerovanim rezistentnej bunkovej linie na
temozolomid mdZzeme v buducnosti testovat' Specifické (nové) inhibitory, ktoré by boli
efektivnejSie pri lie€be glioblastomov.

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

Nadory z glialnych buniek su charakterizované vysokym stupfiom variability medzi réznymi
typmi glidmov, ako aj v ramcijedného nadoru, obzvlast u multiformného glioblastomu. My
sme sa preto zamerali na komplexnu molekulovi charakterizaciu procesu vzniku glialnych
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tumorov na zaklade kombinacie Styroch oblasti: i.) transkriptomickej; ii.) epigenetickej; iii.)
proteomickej a iv.) metabolomicke;.

- Hlavnym vysledkom projektu bola profilacia génov v Stich signalnych drahach
zodpovednych za tumorogenézu, kde sme najvyraznejSie deregulacie zaznamenali u génov
spajanych s epitelialno-mezenchymalnou tranziciou (CDH2, FOXC2, GSC, SNAI2 a
SOX10), bunkovym starnutim (BMI1, ETS2, MAP2K1 a SOD1), opravou DNA (DDB2,
ERCC3, GADD45G a LIG4) a dynamikou telomér (TEP1, TERF2IP, TNKS a TNKS2);

- U metaloproteazovej studii sme zistili, Ze zdravé tkanivo oproti nadorovému neprodukuje
MMP1, MMP8 a MMP13;

- Porovnanim oblasti mozgu pomocou 31P MRS medzi tumorom a zdravym tkanivom smeu
pacientov detegovali rozdiely pri membranovych fosfolipidoch ako aj pokles pomeru
energetickych markerov u tumorov;

- Ako jedni z mala sme u pacientov dokazali, Ze pyruvat karboxylaza je exprimovana u
glioblastému, astrocytomu, oligodendrogliomu a meningiomu a tak prispieva k anabolickému
metabolizmu bunkovych zloziek;

- Celkové percentualne hladiny metylacie v periférnej krvi boli 63,7%, v nadorovom tkanive
mozgu, tych istych pacientov 30,7%. U pacientov so zhubnym nadorovym ochorenim
mozgu sme zaznamenali vy$Siu hladinu metylacie v periférnej krvi oproti nezhubnym (s
meningidmom).

Na bunkovych liniach sme na viacerych urovniach dospeli k nasledovnym vysledkom:

- Imunodetekciou sme zistili pritomnost’ a rozdiely expresie pyruvatkarboxylazy (PC)u
ludskych astrocytémov, glioblastomov a neuroblastdémov. Zaroveri sme odhalili, Ze u
nadorovych buniek mozgu prispieva PC, svojou anaplerotickou aktivitou, k udrzaniu
metabolizmu rakovinovych buniek;

- Pri vyuziti imunosondovacej metddy na vyhodnotenie expresie 3-metylcrotonyl-CoA
karboxylazy (MCC) v kultivovanych bunkach sme poukazali na fakt, Ze mozgoveé nadorové
bunky (v kulture aj insitné) exprimuju MCC a katabolizuju leucin. Tieto vysledky naznacuju,
Ze dané bunky mozgu mo6zu vyuzivat katabolity leucinu ako substrat pre ich metabolizmus;
- Specifickym matematickym pristupom sa nam podarilo poukazat na déleZitost' vyberu
kontrolnej skupiny pri transkriptomickych analyzach a tym padom vyhnutiu sa faloSnym
vysledkom;

- Kombinaciou Specifickych inhibitorov (Embelin, MK-1755 a ABT-199) sme potencovali
efekt pdsobenia temozolomidu u vybranych bunkovych linii;

- Dokazali sme vygenerovat' rezistentnu liniu T98G na temozolomid, a tym padom sme
ziskali model pre nasledujuce experimenty pri definovani odpovede, resp. mechanizmu
glioblastdmovej rezistencie.

Aplikacia tychto vysledkov mdze priniest nové poznatky a potencialne vylepSenia v
diagnostike, lieCbe a vyskume mozgovych nadorov. Okrem toho, tieto poznatky mézu
prispiet k lepSiemu porozumeniu mechanizmov vzniku a Sirenia nadorov a tym otvaraju
nové perspektivy pre dalSie terapeutické stratégie.

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

Tumors of glial cells are characterized by a high degree of variability among different types
of gliomas, as well as within a single tumor, particularly in the case of multiform
glioblastoma. Therefore, we focused on a comprehensive molecular characterization of the
process of glioma formation based on the combination of four areas: i.) transcriptomics; ii.)
epigenetics; iii.) proteomics; and iv.) metabolomics.

- The main outcome of the project was the profiling of genes in nine signaling pathways
responsible for tumorigenesis, where the most significant deregulations were observed in
genes associated with epithelial-to-mesenchymal transition (CDH2, FOXC2, GSC, SNAI2,
and SOX10), cellular senescence (BMI1, ETS2, MAP2K1, and SOD1), DNA repair (DDB2,
ERCC3, GADD45G, and LIG4), and telomere dynamics (TEP1, TERF2IP, TNKS, and
TNKS2).

- In the metalloprotease study, we found that healthy tissue does not produce MMP1,
MMP8, and MMP13, in contrast to tumor tissue.

- Comparing brain regions using 31P MRS between tumor and healthy tissue, we detected
differences in membrane phospholipids as well as a decrease in the ratio of energy markers
in tumors among the patients.
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- As one of the few findings, we demonstrated that pyruvate carboxylase is expressed in
glioblastoma, astrocytoma, oligodendroglioma, and meningioma, contributing to the anabolic
metabolism of cellular components.

- The overall percentage of methylation in peripheral blood was 63.7%, while in the brain
tumor tissue of the same patients, it was 30.7%. Patients with malignant brain tumors
exhibited higher levels of methylation in peripheral blood compared to benign tumors
(meningioma).

On cell lines, we have reached the following results on multiple levels: - Through
immunodetection, we identified the presence and differential expression of pyruvate
carboxylase (PC) in human astrocytomas, glioblastomas, and neuroblastomas. Additionally,
we discovered that PC contributes to maintaining the metabolism of cancer cells in brain
tumors through its anaplerotic activity.

- By utilizing immunosensor-based methods to evaluate the expression of 3-methylcrotonyl-
CoA carboxylase (MCC) in cultured cells, we demonstrated that brain tumor cells (both in
culture and in situ) express MCC and catabolize leucine. These findings suggest that brain
cells can utilize leucine catabolites as substrates for their metabolism.

- Through a specific mathematical approach, we highlighted the importance of selecting an
appropriate control group in transcriptomic analyses to avoid false results.

- The combination of specific inhibitors (Embelin, MK-1755, and ABT-199) allowed us to
potentiate the effect of temozolomide in selected cell lines.

- We successfully generated a temozolomide-resistant T98G cell line, providing a model for
further experiments to define the response and mechanism of glioblastoma resistance.

The application of these results can bring new insights and potential improvements in the
diagnosis, treatment, and research of brain tumors. Moreover, these findings can contribute
to a better understanding of the mechanisms of tumor formation and dissemination, thus
opening new perspectives for further therapeutic strategies.
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