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Zavereéna karta projektu

Nazov projektu Eviden¢né ¢islo projektu APVV-16-0021

Uloha mikroRNA v karcinéme prsnika: biologicky vyznam, cielené molekuly a signalne
drahy

Zodpovedny riesitel doc. RNDr. Zuzana Dankova, PhD.

Prijlemca Univerzita Komenského v Bratislave - Jesseniova lekarska fakulta,
Martin

Nazov pracoviska, na ktorom bol projekt rieSeny

Laboratorium genomiky a prenatalnej diagnostiky, Martinské centrum pre biomedicinu, JLF
UK v Martine

Gynekologicko-porodnicka klinika, Univerzitna nemocnica Martin a JLF UK v Martine
Chirurgicka klinika a Transplantacné centrum, Univerzitna nemocnica Martin a JLF UK v
Martine

Ustav patologickej anatémie, Univerzitna nemocnica Martin a JLF UK v Martine

Nazov a stat zahrani€éného pracoviska, ktoré spolupracovalo pri rieSeni

Bez oficidlneho zapojenia zahrani¢nych partnerov.

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

Zatial nie.

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

Pocas realizacie projektu sa €lenovia RK podielali na 27 vedeckych pracach publikovanych
v zahrani¢nych karentovych ¢asopisoch, 11 ¢lankoch vydanych v zahrani€nych ¢asopisoch
registrovanych v databazach Web of Science alebo SCOPUS, 6 vedeckych pracach v
doméacich recenzovanych vedeckych zbornikoch, vydali 1 Studiu charakteru vedecke;j
monografie v ¢asopisoch a zbornikoch vydanych v zahrani€i a napisali 1 vysokoSkolské
skripta. Uvedené ¢lanky mali spolu 458 ohlasov (396 o a 62 02). Najviac citované boli
prehladové ¢lanky (max. 78 ohlasov), vysledkové ¢lanky mali zatial najviac 2 ohlasy, hoci z
nasho pohladu su tieto ¢lanky va¢sim prinosom nakolko prinasaju originalne vysledky.
Priprava prehladovych ¢lankov vSak posluzila RK na ziskanie najnovsich poznatkov a
synkretizaciu vedeckych informacii.

Dankova, Zuzana - Zubor, Pavol - Grendar, Marian - Zelinova, Katarina - Jagelkova, -
Stastny, Igor - Kapinova, Andrea - Vargova, Daniela - Kasajova, Petra - Dvorska, - Kalman,
Michal - Danko, Jan - Lasabova, Zora: Predictive accuracy of the breast cancer genetic risk
model based on eightcommon genetic variants: The BACKSIDE study. Journal of
Biotechnology. - €. 299 (2019), s. 1-7, IF (JCR) 2019=3,503, Ohlasy (2).
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Holubekova, Veronika - Kolkova, Zuzana - Grendar, Marian - Brany, DuSan - Dvorska, Dana
- Stastny, Igor - Jagelkova, Marianna - Zelinova, Katarina - Samec, Marek - Mazurakova,
Alena - LauCekova, Zuzana - Kudela, Erik - Bobrovska, Martina - Kalman, Michal - Zubor,
Pavol - Dankova, Zuzana: Pathway analysis of selected circulating mirnas in plasma of
breast cancer patients: A preliminary study. International journal of molecular sciences -
Ro¢. 21, €.19 (2020), s. [1-16], IF (JCR) 2020=5,924, Ohlasy (2).

Kapinova, Andrea - Kubatka, Peter - Golubnitschaja, Olga - Kello, Martin - Zubor, Pavol -
Solar, Peter - PéC, Martin: Dietary phytochemicals in breastcancer research: anticancer
effects and potential utility for effective chemoprevention. Environmental Health and
Preventive Medicine. Ro¢€. 23, €. 1 (2018), s. [1-18], art. no. 36, IF (JCR)2018=1.568,
Ohlasy (78).

Kudela, Erik - Samec, Marek - Koklesova, Lenka - Mazurakova, Alena - Kubatka, Peter -
Kozubik, Erik - Rokos, Tomas - Pribulova, Terézia - Kudelova, Eva - Smolar, Marek -
Biringer, Kamil: miRNA expression profiles in luminal a breast cancer implications in biology,
prognosis, and prediction of response tohormonal treatment. International journal of
molecular sciences. - Roc€. 21, €. 20 (2020), s. [1-20], art. no. 7691, IF (JCR) 2020=5,924,
Ohlasy (4). ;

Stastny, Igor - Zubor, Pavol - Kajo, Karol - Kubatka, Peter - Golubnitschaja, Olga - Dankova,
Zuzana: Aberrantly Methylated cfDNA in Body Fluids as a Promising DiagnosticTool for
Early Detection of Breast Cancer. Clinical Breast Cancer [elektronicky dokument]. - Ro¢. 20,
€.6 (2020), s. e 711-e 722. IF (JCR) 2020=3.225, Ohlasy (6).

Zubor, Pavol - Kubatka, Peter - Dankova, Zuzana - Gondova, Alexandra - Kajo, Karol -
Hatok, Jozef - Samec, Marek - Jagelkova, Marianna - Krivu$, Stefan - Holubekova, Veronika
- Bujiak, Jan, ml. - Lau€ekova, Zuzana - Zelinova, Katarina - St’astny, Igor - Nachajové,
Marcela - Danko, Jan - Golubnitschaja, Olga: miRNA in a multiomic context for diagnosis,
treatment monitoring and personalized management of metastatic breast cancer. Future
Oncology [elektronicky dokument]. - Ro€. 14, €. 18 (2018), s. 1846-1866. IF (JCR)
2018=2,279, Ohlasy (12).

Zubor, Pavol - Kubatka, Peter - Kajo, Karol - Dankova, Zuzana - Polagek, Hubert - Bielik,
Tibor - Kudela, Erik - Samec, Marek - Mazurakova, Alena - VI¢akova, Dominika - Kulkovska,
Tatiana - ét’astny, Igor - Holubekova, Veronika - Bujiak, Jan - LauCekova, Zuzana -
Busselberg,Dietrich - Adamek, Mariusz - Kuhn, Walther - Danko, Jan - Golubnitschaja,
Olga: Why the Gold Standard Approach by Mammography Demands Extension by
Multiomics? Application of Liquid Biopsy miRNA Profiles to BreastCancer Disease
Management. International journal of molecular sciences. Ro€. 20, ¢. 12 (2019), s. [1-31]. IF
(JCR) 2019=4,556, Ohlasy (28).

Dankova, Zuzana - Grendar, Marian - Dvorska, Dana - Brany, Dusan - St’astny, lgor -
Bobrovska, Martina - Balharek, Tomas - Ztibor, Pavol. miRNA profile of luminal breast
cancer subtyptes in Slovak women. Ceska gynekologie. - Rog. 85, &. 3 (2020), s. 174-180.
Radi by sme spomenuli aj vysokoSkolské skripta, ktoré autorsky napisal MUDr. Marek
Smolar, PhD., MPH: Ochorenia prsnika, rok vydania 2021, s. 165, 8,25 AH. Dostupné
online: https://portal.jffmed.uniba.sk/autori.php?tid=139.

Okrem vedeckych publikacii sme poCas obdobia rieSenia projektu pripravili 7
popularizacnych aktivit a 2 elektronické dokumenty. V oblasti vzdelavania sme viedli 6
diplomovych prac a 3 doktorandi uspeSne ukonCili a obhajili PhD. pracu.

Vystupy projektu zaujali domécich aj zahrani€nych pracovnikov a tak poCas trvania projektu
doslo k 3 vyvolanym domacim projektom a v roku 2021 sme podavali aj TRANSAN-ERA
NET EU projekt. Okrem toho sme metodické vedomosti a skusenosti z tohto projektu vyuZili
pri spolupraci na inych projektoch zameranych na bunkové linie, detsku cieliaku a AML
bunkové linie v spolupraci s BMC Bratislava. Okrem oficialnych podanych projektov sme
upevnili partnerstvo s University of Debrecen a s Clinomics Europe Ltd.

Uplatnenie vysledkov projektu

Vysledky projektu prinasaju podrobnejSiu molekularnu profilaciu podtypov karcindmu
prsnika v zmysle Specifického zastupenia jednotlivych SNP, metylacie CpG ostrovéekov a
miRNA signatury. Tieto nové poznatky by mohli byt po relevantnej validacii na nezavislych
suboroch zakomponované do diagnostiky ochorenia karcinému prsnika. Specifickost
markerov pri réznych stupfioch nadoru by mohli zaujat aj v pripade sledovania recidivy
ochorenia, alebo posluzit na terapeutické epigenetické modifikovanie.
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Hlavné vysledky projektu prinaSaju komplexnu analyzu miRNA profilu tkaniva a plazmy
vzoriek karcindmu prsnika (KP) ako ¢asti OMICS mediciny komplexného manazmentu
pacientok s tymto ochorenim. Metédou microarray sme mohli sledovat’ expresiu vSetkych
2549 miRNA, ¢im sme ziskali sady miRNA, ktoré su viac alebo menej exprimované vo
vzorkach KP, €iuz luminalnych typov, alebo TNBC, v tkanive, alebo v plazme. Analyzy
tkaniv poukazali na 171 miRNA s vy$Siou expresiou a 136 s nizSiou expresiu v subore KP v
porovnani s kontrolnou skupinou. V plazmatickych vzorkach sme detegovali nizSi poCet
miRNA a vysledky sme validovali metédou RT PCR. Tieto miRNA maju viaceré biologické a
molekularne funkcie, ako zvySenie bunkovej proliferacie a invazivity, regulacia bunkovej
diferenciacie a migracie, zapojenie sa do signalnej drahy vaskularneho endotelového rastu,
vplyv na vazbu signalnych receptorov a rastovych faktorov a iné.

Do molekularnej profilacie KP sme pridali aj viaceré SNP so strednou penetranciou, ako
FGFR2, MAP3K1, LSP1, CASP8 a FAS/FAS-L. Analyzy metylatného statusu CpG
ostrovCekov 25 tumor supresorovych génov poukazali predovSetkym na vyznam metylacii v
génoch PAX5, PAX6, WT1a CDH3. V Ziadnej vzorke sme nezachytili metylaciu v génoch
CDK2A, KLLN, MGMT, ATM, BRCAZ2, RB1, THBS-1, STK11. Metabolomické analyzy
plazmy zachytili 22 metabolitov, pri¢om 10 metabolitov malo Statisticky vyznamne znizené
hodnoty v skupine Zien s KP v porovnani so zdravymi kontrolami BCAA: leucin, izoleucin,
valin, BCKA: ketoleucin, ketoizoleucin a ketovalin, alanin, pyruvat, histidin a frakcia
lipoproteinov). Iba 3-hydroxybutyrat bol zvySeny u zien s KP.  Teplotna mapa poukazala
na korelaciu medzi BCAA a BCKA spolu s prepojenim na pyruvat a alanin. Hodnoty ki-67
Statisticky vyznamne korelovali s metabolitmi: alanin, citrat, tyrozin, glutamin, histidin a
prolin.

Okrem novych vedeckych poznatkov projekt priniesol aj upevnenie spoluprace medzi UNM
a JLF UK a zahrani€nymi partnermi, ktoré vyustilo aj do podania spolo€nych projektov a k
nadviazaniu spoluprace s novymi partnermi z Nemecka, Spanielska a Turecka. Projekt
zaroven priniesol nové moznosti a zvysil zru€nosti (aj mladych) vedeckych pracovnikov v
zmysle modernych molekularno-genetickych analyz NK. Popularizacné aktivity, diplomové a
dizertacné prace posluzili na edukaciu Sirokej a odbornej verejnosti v kontexte zavaznosti
ochorenia ako je KP.

Na zaver by sme skon$tatovali, Ze projekt priniesol mnohé a rozmanité vysledky od
vedeckého vyskumu, odbornych €lankov, vzdelavania a spoluprace s existujucimi aj novymi
partnermi v ramci SR, ako aj zahranic€ia. Preto projekt povaZzujeme za Uspesny.

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

The main results of this project present a comprehensive analysis of the miRNA profile of
tissue and plasma samples of breast cancer (BC) as a part of the OMICS medicine of
complex management of patients with this disease. We were able to monitor the expression
of all 2549 miRNAs by microarray technology, what resulted into the sets of miRNAs that
are more or less expressed in BC samples, either in luminal types or TNBC, as well as in
the tissue or plasma samples. Tissue analyzes showed 171 miRNAs with higher expression
and 136 with lower expression in the BC compared to the control group. We detected a
lower number of miRNAs in plasma samples and validated the results by RT PCR. These
miRNAs have several biological and molecular functions, such as increased cell proliferation
and invasiveness, regulation of cell differentiation and migration, involvement in the vascular
endothelial growth signaling pathway, affecting the binding of signaling receptors and growth
factors, and others.

We also added several medium penetrant genes to the BC molecular profile, such as
FGFR2, MAP3K1, LSP1, CASP8 and FAS / FAS-L. Another analyzes of the methylation
status of the CpG islands of 25 tumor suppressor genes had highlighted the importance of
methylation in the PAX5, PAX6, WT1 and CDH3 genes. We did not detect methylation in the
CDK2A, KLLN, MGMT, ATM, BRCAZ2, RB1, THBS-1, STK11 genes in any sample.
Metabolomics analyzes of plasma detected 22 metabolites, with 10 metabolites having
statistically significantly reduced values in the group of women with BC compared to control
samples (BCAA: leucine, isoleucine, valine, BCKA: ketoleucine, ketoisoleucine and
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ketovaline, alanine, pyruvate, and lipid fraction). Only 3-hydroxybutyrate was increased in
women with BC. The temperature map showed a correlation between BCAA and BCKA
along with a link to pyruvate and alanine. Ki-67 values statistically significantly correlated
with the metabolites alanine, citrate, tyrosine, glutamine, histidine and proline.

Except new scientific knowledge, the project also strengthened cooperation between Martin
University Hospital, Jessenius Faculty of Medicine and foreign partners, which also resulted
in the submission of joint projects and in the establishment of cooperation with new partners
from Germany, Spain and Turkey. Project brought new opportunities and increased the
skills of (even young) scientists in terms of modern molecular-genetic analyzes of nucleic
acids. Popularization activities, diploma and dissertation theses educated wide public and
professionals in the context of the severity of the disease such breast cancer is.

In conclusion, we would state that the project has brought many and diverse results, such as
scientific research, professional articles, education and cooperation with existing and new
partners in the Slovak Republic, as well as abroad. Therefore, we consider the project as
successfullyimplemented.

Formular ZK, strana 4/4



