l ' ﬁ PV v Agentira na podporu vyskumu a vyvoja
v

Formular ZK

Zavereéna karta projektu

Nazov projektu Eviden¢né ¢islo projektu APVWV-16-0010

Identifikacia a validacia signalnych drah asociovanych s cirkulujucimi nadorovymi
bunkami pri karcinéme prsnika.

Zodpovedny rieSitel doc. MUDr. Michal Mego, PhD.
Prijlemca Univerzita Komenského v Bratislave - Lekarska fakulta

Nazov pracoviska, na ktorom bol projekt rieSeny

Il.onkologicka klinika LFUK a NOU

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

Ontario Cancer Institue, Toronto, Canada,
University of Texas, MD Anderson Cancer Center, Houston, Texas, USA

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Sine

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

Publikacie in extenso

1. Cierna Z, Smolkova B, Cholujova D, Gronesova P, Miklikova S, Cihova M, Plava J, Mego
M. Decreased levels of circulating cytokines VEGF, TNF- and IL-15 indicate PD-L1
overexpression in tumours of primary breast cancer patients. SciRep. 2021 Jan
14;11(1):1294. doi: 10.1038/s41598-020-80351-9. PMID: 33446741; PMCID: PMC7809365.
2. Kalavska K, Cierna Z, Karaba M, Minarik G, Benca J, Sedlackova T, Kolekova D, Mrvova
I, Pindak D, Mardiak J, Mego M. Prognostic role of matrix metalloproteinase 9 in early breast
cancer. Oncol Lett. 2021 Feb;21(2):78. doi: 10.3892/01.2020.12339. Epub 2020 Nov 30.
PMID: 33363615; PMCID: PMC7723168

3. Smolkova Bozena, Cierna Zuzana, Cholujova Dana, Gronesova Paulina, Miklikova
Svetlana, Cihova Marina, Plava Jana, Mego Michal. Circulating cytokines predict PD-L1
expression in tumors of primary breast cancer patients. Sci Rep. 2021 Jan 14;11(1):1294.
doi: 10.1038/s41598-020-80351-9. PMID: 33446741

4. Smolkova B, Cierna Z, Kalavska K, Miklikova S, Plava J, Minarik G, Sedlackova T,
Cholujova D, Gronesova P, Cihova M, Majerova K, Karaba M, Benca J, Pindak D, Mardiak
J, Mego M. Increased Stromal Infiltrating Lymphocytes Are Associated with the Risk of
Disease Progressionin Mesenchymal Circulating Tumor Cell-Positive Primary Breast
Cancer Patients. Int J Mol Sci. 2020 Dec 12;21(24):9460. doi: 10.3390/ijms21249460.
PMID: 33322711; PMCID: PMC7763628.

5. Buocikova V, Rios-Mondragon |, Pilalis E, Chatziioannou A, Miklikova S, Mego M, Pajuste
K, Rucins M, Yamani NE, Longhin EM, Sobolev A, Freixanet M, Puntes V, Plotniece A,

Formular ZK, strana 1/4



Dusinska M, Cimpan MR, Gabelova A, Smolkova B. Epigenetics in Breast Cancer Therapy-
New Strategies and Future Nanomedicine Perspectives. Cancers (Basel). 2020 Dec
3;12(12):3622. doi: 10.3390/cancers12123622. PMID: 33287297; PMCID: PMC7761669.
6. Dobiasova B, Mego M. Biomarkers for Inflammatory Breast Cancer: Diagnostic and
Therapeutic Utility. Breast Cancer (Dove Med Press). 2020 Oct 14;12:153-163. doi:
10.2147/BCTT.S231502. PMID: 33116817; PMCID: PMC7569067.

7. Mego M, Kalavska K, Karaba M, Minarik G, Benca J, Sedlackova T, Gronesova P,
Cholujova D, Pindak D, Mardiak J, Celec P. Plasma Nucleosomes in Primary Breast
Cancer. Cancers (Basel). 2020 Sep 10;12(9):2587. doi: 10.3390/cancers12092587. PMID:
32927889; PMCID: PMC7563724.

8. Miklikova S, Minarik G, Sedlackova T, Plava J, Cihova M, Jurisova S, Kalavska K, Karaba
M, Benca J, Smolkova B, Mego M. Inflammation-Based Scores Increase the Prognostic
Value of Circulating Tumor Cells in Primary Breast Cancer. Cancers (Basel). 2020 May
1;12(5):1134. doi: 10.3390/cancers12051134. PMID: 32369910; PMCID: PMC7281016.

9. Mego M, Karaba M, Sedlackova T, Benca J, Repiska G, Krasnicanova L, Macuch J,
Sieberova G, Jurisova S, Pindak D, Kalavska K, Mardiak J, Minarik G. Circulating tumor
cells and breast cancer-specific mutations in primary breast cancer. Mol Clin Oncol. 2020
Jun;12(6):565-573. doi: 10.3892/mc0.2020.2026. Epub 2020 Apr 1. PMID: 32337039;
PMCID: PMC7179389.

10. Plava J, Cihova M, Burikova M, Bohac M, Adamkov M, Drahosova S, Rusnakova D,
Pindak D, Karaba M, Simo J, Mego M, Danisovic L, Kucerova L, Miklikova S. Permanent
Pro-Tumorigenic Shift in Adipose Tissue-Derived Mesenchymal Stromal Cells Induced by
Breast Malignancy. Cells. 2020 Feb 19;9(2):480. doi: 10.3390/cells9020480. PMID:
32093026; PMCID: PMC7072834.

11. Jurisova S, Karaba M, Minarik G, Benca J, Sedlackova T Manasova D, Kalavska K,
Pindak D, Mardiak J, Mego M. Circulating tumor cells and drug history in primary breast
cancer patients. Cancer Drug Resist 2020;3:98-109.10.20517/cdr.2019.79

12. Mego M, Karaba M, Minarik G, Benca J, Silvia J, Sedlackova T, Manasova D,Kalavska
K, Pindak D, Cristofanilli M, Reuben JM, Mardiak J. Circulating Tumor Cells With Epithelial-
to-mesenchymal Transition Phenotypes Associated With Inferior Outcomes in Primary
Breast Cancer. Anticancer Res. 2019 Apr;39(4):1829-1837. doi: 10.21873/anticanres.13290.
PubMed PMID: 30952723.

13. Zmetakova |, Kalinkova L, Smolkova B, Horvathova Kajabova V, Cierna Z, Danihel L,
Bohac M, Sedlackova T, Minarik G, Karaba M, Benca J, Cihova M, Buocikova V, Miklikova
S, Mego M, Fridrichova I. A disintegrin and metalloprotease 23 hypermethylation predicts
decreased disease-free survival in low-risk breast cancer patients. Cancer Sci. 2019
May;110(5):1695-1704. doi: 10.1111/cas.13985. Epub 2019 Mar 18. PubMed PMID:
30815959; PubMed Central PMCID: PMC6500989.

14. Mego M, Karaba M, Sedlackova T, Benca J, Repiska G, Krasnicanova L, Macuch J,
Sieberova G, Jurisova S, Pindak J, Kalavska K, Mardiak J, Minarik G. Circulating tumor
cells and breast cancer specific mutations in primary breast cancer. (Molecular and Clinical
Oncology, 2020, accepted for publication)

15. Kalinkova L, Zmetakova |, Smolkova B, Minarik G, Sedlackova T, Horvathova Kajabova
V, Cierna Z, Mego M, Fridrichova . Decreased methylation in the SNAI2 and ADAM23
genes associated with de-differentiation and haematogenous dissemination in breast
cancers. BMC Cancer. 2018 Sep 6;18(1):875. doi: 10.1186/s12885-018-4783-x. PubMed
PMID: 30189837; PubMed Central PMCID:PMC6127923

Abstrakty a postery z konferencii

1. PLAVA, Jana - MIKLIKOVA, Svetlana - CIHOVA, Marina - MATUSKOVA, Miroslava -
KUKOLJ, Tamara - TRIVANOVIC, Drenka - JAUKOVIC, Aleksandra - BUGARSKI, Diana -
KUCEROVA, Lucia. Analysis of molecular mechanisms involved in MSC-mediated
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Uplatnenie vysledkov projektu

Na zaklade uvedenych vysledkov bola v 12/2019 zahajena klinicka Studia fazy Il u pacientok
s metastatickym karcindomom prsnika s ciefom inhibicie nadorovej kmerovej bunky, kde
CTC_EMT sluzia ako biomarker na zaradenie do Studie a Studiovu lie€bu.(ClinicalTrials.gov
Identifier: NCT04265274)

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v slovenskom jazyku
(max. 20 riadkov)

* Bol prvykrat dokazany prognosticky vyznam CTC s EMT fenotypom (Anticancer Res. 2019
Apr;39(4):1829-1837).

* Bol prvykrat dokazany prognosticky vyznam cirkulujucich nukleozémov pri primarnom Ca
prsnika, nepodarilo sanam dokazat asociaciu medzi CTC a cirkulujucimi nukleozémami
(Cancers (Basel). 2020 Sep 10;12(9):2587.)

* Nepozorovali sme asociaciu medzi CTC a MMP9 (na rozdiel od MMP1), zistilisme
asociaciu medzi MMP9 a viacerymi klinicko-patologickymi charakteristikami pri primarnom
Ca prsnika (Oncol Lett. 2021 Feb;21(2):78).

» Pozorovali sme asociaciu medzi infiltraciou nadoru tumor infiltrujucimi lymfocytmi (TIL) a
prognézou u CTC_EMT-pozitivnych pacientov, na druhej strane sme nepozorovali asociaciu
medzi CTC a TIL co podporuje hypotézu o ich nezavislom prognostickom vyzname. Zistili
sme tiez asociaciu medzi TILs a vybranymi cytokinmy plazmy (Int J Mol Sci. 2020 Dec
12;21(24):9460.)

» Pozorovali sme asociaciu medzi prognézou pacienta a systémovym zapalovym indexom
(SH) vytvorili sme kombinovany model na predikciu prognézy u primarneho Ca prsnika
kombinaciou CTC a Sl (Cancers (Basel). 2020 May 1;12(5):1134)

« Zistili sme asociaciu medzi cirkulujucimi cytokinmi a expresiou PD-L1 v nadoroch
pacientok s primarnym karcinbmom prsnika, nepozorovali sme asociaciu medzi CTC a PD-
L1, avSak, PDL1 bolo prognostické len u pacientok s CTC_EMT (Sci Rep. 2021 Jan
14;11(1):1294.)

» Identifikovali sme somatické mutacie BRCA1 a 2 génu v nadore ako mutacie pozitivhe
asociované s CTC s epitelidalnym podtypom (Mol Clin Oncol. 2020 Jun;12(6):565-573.)

* Nepodarilo sa nam identifikovat' asociaciu medziliekovou anamnézou a pritomnostou
CTC (Cancer Drug Resist 2020;3:98-109)

* Porovnali sme expresiu génov v primarnom Ca prsnika medzi pacientami CTC_EMT+ a
CTC-. Pomocou metddy RNA-seq bolo v 23 vzorkach identifikovanych 1202 génov s p
hodnotou < 0,05 (z nich 14 génov s p.adj <0,1). Medzi najvyraznejSimi kandidatmi sa
nachadza niekofko génov z rodiny keratinov (KRT5, 14, 17) a klaudinov (CLDN8, CLDN9).
Pomocou DNA mikro€ipov bolo identifikovanych 2406 génov s p hodnotou < 0,05 (z nich 1
gén p.adj < 0,1). Vybrané gény boli nasledne validované pomocou qRT-PCR. (manuskript v
priprave — submitovanie v plane do konca roka 2021)
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* Na zaklade uvedenych vysledkov bola v 12/2019 zahajena klinicka Studia fazy Il u
pacientok s metastatickym karcinomom prsnika s ciefom inhibicie nadorovej kmernove;
bunky, kde CTC_EMT sluzia ako biomarker na zaradenie do Studie a Studiovu
lie€bu.(ClinicalTrials.gov Identifier: NCT04265274)

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

* The prognostic significance of CTC with EMT phenotype has been demonstrated for the
first time (Anticancer Res. 2019 Apr; 39 (4): 1829-1837).

* The prognostic significance of circulating nucleosomes in primary breast Ca has been
demonstrated for the first time, we have not been able to prove the association between
CTC and circulating nucleosomes ((Cancers (Basel). 2020 May 1;12(5):1134)

* We did not observe an association between CTC and MMP9 (as opposed to MMP1), we
found an association between MMP9 and several clinicopathological characteristics in
primary breast Ca (Oncol Lett. 2021 Feb; 21 (2): 78).

» We observed an association between tumor infiltration by tumor infiltrating lymphocytes
(TIL) and prognosis in CTC_EMT-positive patients, on the other hand, we did not observe
an association between CTC and TIL, which supports the hypothesis of their independent
prognostic significance. We also found an association between TILs and selected plasma
cytokines (Int J Mol Sci. 2020 Dec 12; 21 (24): 9460.)

* We observed an association between patient prognosis and systemic inflammatory index
(SIl) and created a combined model to predict prognosis in primary breast Ca by a
combination of CTC and Sll (Cancers (Basel). 2020 May 1; 12 (5): 1134)

» We found an association between circulating cytokines and PD-L1 expression in tumors of
patients with primary breast cancer, we did not observe an association between CTC and
PD-L1, however, PDL1 was prognostic only in patients with CTC_EMT (Sci Rep. 2021 Jan
14; 11 (1): 1294.)

* We identified somatic mutations in the BRCA1 and 2 genes in the tumor as mutations
positively associated with CTC with an epithelial subtype (Mol Clin Oncol. 2020 Jun; 12 (6):
565-573.)

» We failed to identify the association between drug history and the presence of CTC
(Cancer Drug Resist 2020; 3: 98-109)

* We compared gene expression in primary breast Ca between patients CTC_EMT + and
CTC-. Using the RNA-seq method, 1202 genes with a p value <0.05 were identified in 23
samples (of which 14 genes with a p.adj <0.1). Among the most prominent candidates are
several genes from the keratin family (KRT5, 14, 17) and claudins (CLDN8, CLDN9). 2406
genes with a p value <0.05 were identified using DNA microarrays (of which 1 gene p.adj
<0.1). Selected genes were subsequently validated by gqRT-PCR. (manuscriptin preparation
- submission in the plan by the end of 2021)

» Based on these results, a phase Il clinical study was initiated in patients with metastatic
breast cancer to inhibit tumor stem cells in 12/2019, where CTC_EMT serves as a
biomarker for study inclusion and treatment (ClinicalTrials.gov Identifier: NCT04265274).
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