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Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

Ziadne zahraniéné pracovisko nebolo priamo zahrnuté do rieSenia projektu. Nepriamo sme
pocas rieSenia projektu spolupracovali na konkrétnych ulohach projektu s pracoviskom prof.
Pluckthuna z University of Zurich (Svajgiarsko) a laboratériom Dr. Wagniersa z EPFL
Lausanne (Svajéiarsko).

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

Pocas projektu nebol udeleny Ziaden patent resp. podana patentova prihlaska. Uvazujeme o
moznosti podat’ patentovu prihlasku na nami vyvinuty transportny systém lie€iv DARPIn-
linker-LDL.

Najvyznamnejsie publikacie (knihy, élanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uved’te aj publikacie prijaté do tlace
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Journal of Polymer Research 24, 82 (2017)

S. Datta, A. Jutkova, P. Sramkova, L. Lenkavska, V. Huntosova, D. Chorvat, P. Miskovsky,
D. Jancura and J. Kronek. Unravelling the excellent chemical stability and bioavailability of
solvent responsive curcumin-loases 2-ethyl-2oxazoline-grad-2-(4-dodecyloxyphenyl)-2-
oxazoline copolymer nanoparticles for drug delivery. Biomacromolecules 19, 2459-2471
(2018)
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Phosphorescence kinetics of singlet oxygen produced by photosensitization in spherical
nanoparticles. Part Il. The case of hypericin-loaded low-density lipoprotein particles. Journal
of Physical Chemistry B, 122, 5154-5160 (2018)
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Huntosova. Hypericin can cross barriers in the chicken’s chorioallantoic membrane model
when delivered in low-density lipoproteins. Photodiagnosis and Photodynamic Therapy, 23,
306-313 (2018)
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Journal of Theoretical Biology, 454, 292-309 (2018)

L. Lenkavska, L. Blascakova, Z. Jurasekova, M. Macajova, B Bilcik I. Cavarga , P.
Miskovsky and Huntosova. Benefits of hypericin transport and delivery by low- and high-
density lipoproteins to cancer cells: From in vitro to ex ovo. Photodiagnosis and
Photodynamic Therapy, 25, 214-224 (2019)

A. Jutkova, D. Chorvat, P. Miskovsky, D. Jancura and S. Datta. Encapsulation of anticancer
drug curcumin and co-loading with photosensitizer hypericin into lipoproteins investigated by
fluorescence resonance energy transfer. Int. J. Pharmaceutics 564, 369-378 (2019)

M. Petrencakova, F. Filandr, A. Hovan, G. Yassaghi, P. Man, T. Kozar, M.S. Schwer, D.
Jancura, A. Pluckthun, P. Novak, P. Miskovsky, G. Bano and E. Sedlak. Photoinduced
damage of AsLOV2 domain is accompanied by increased singlet oxygen production due to
flavin dissociation. Scientific Reports 10, art. numb. 4119 (2020)

Uplatnenie vysledkov projektu

Ziskané vysledky projektu, predovSetkym konstrukcia a fyzikalno-chemicka charakterizacia
komplexov DARPIn-linker-LDL, tvoria vefmi solidnu bazu pre pokra¢ovanie vyskumu
vyuzitia tychto komplexov pri cielenom transport lie€iv do nadorovych tkaniv. Nami
pripravené DARPIn-linker-LDL nanocastice, schopné prenasat desiatky az stovky molekul
hydofébnych/amfifiinych protinadorovych lie€iv a schopné selektivnej vazby na HER-2
receptory nadorovych buniek, by po uspesnych in vivo experimentoch (tieto experimenty
planujeme realizovat v ramci nasledujucich projektov) mohli vyrazne prispiet k zefektivneniu
a optimalizacii lie€by nadorovych ochoreni prsnikov.

Vysledky nasho projektu v oblasti vyvoja transportného systému lieciv vyuzitim
gradientovych kopolymérov na baze poly(2-oxazolinov) ukazuju, ze vlastnosti vytvorenych
poly(2-oxazolinovych) polymérnych miciel, vysoka stabilita v biologickom prostredi, nizka
cytotoxicita a schopnost’ akumulovat’ znaéné mnozstvo hydrofébnych resp. amfifiinych lieiv
(v nadom pripade hypericin a kurkumin), predurcuju tieto polymérne micely pre dalSie
podrobné stadium aplikacie tychto nanoCastic pre efektivny transport lieiv pri liecbe
nadorovych ochoreni.

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

V ramci projektu bol skonStruovany stabilny nanoc&asticovy systém LDL-dextran, ktory je
schopny uchovavat a prenasat hydrofébne a amfifilné lieCiva (ako modelové zlu€eniny boli
pouzité hypericin a kurkumin). Podarilo sa nam syntetizovat komplex DARPIn (Specificky
vyselektovany pre HER-2 receptory)-linker-LDL, v ktorom je DARPIn spojeny s
acetylovanymi molekulami LDL prostrednictvom O-N-(6-maleimid dohexanyl) aminoetyl-O-
3-(N-sukcinimidyloxyl)-3-oxopropyl polyetylén glykolu. Rozmery tychto komplexov sa
nachadzaju v intervale 25-30 nm a na povrchu jednej LDL Castice sa nachadza 15-20
molekul DARPinov. Tieto parametre jednoznaéne naznacuju, Ze takéto nanolasticové
komplexy maju zna¢ny potencial pre efektivny cieleny transport lieiv do nadorovych
tkaniv.Takto pripravené komplexy boli potom Studované vzhladom na ich zachyt bunkami
bunkovych linii s réznymi hladinami expresie HER-2 receptorov U-87 MG, SK BR3 a BT474.
NaSe zistenia dokazuju, ze pritomnost Specifickych DARPinov na povrchu transportnych
Castic vyrazne zvySuje selektivitu transportu lie€iv do nadorovych buniek s exprimovanymi
HER-2 receptormi.

V projekte sme sa venovali aj priprave novych typov transportnych systémov pre
kontrolované uvolfiovanie protirakovinovych lie€iv. Na pripravu tychto transportnych
systémov sme vyuzili gradientové kopolyméry na baze poly(2-oxazolinov). Vlastnosti
vytvorenych poly(2-oxazolinovych) polymérnych miciel, vysoka stabilita v biologickom
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prostredi, nizka cytotoxicita a schopnost akumulovat’ znaéné mnozstvo hydrofébnych resp.
amfifilnych lie€iv (v naSom pripade hypericin a kurkumin), vedu k ivaham o ich moznej
aplikacii pre efektivny transport lieciv pri lieCbe nadorovych ochoreni.

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

In the project, a stable nano-particle system LDL-dextran, which is able to incorporate and
transport hydrophobic and amphiphilic drugs (hypericin and curcumin were used as model
compounds), was constructed. Further, we have developed a complex DARPIn (specifically
selected for the binding to HER-2 receptors)-linker-LDL suitable for the accumulation and
transport of hydrophobic/amphiphilic molecules. The size of the nanoparticles are in the
range 25-30 nm and 15-30 molecules of DARPins are located on the surface of LDL
particle. Both these parameters suggest that this complex has potential to be a very
effective transport system for targeted drug delivery. The prepared LDL-DARPin complexes
were subsequently tested for targeting to three cancerous cell lines with different level of
expression of HER2 receptors, U-87 MG, SK BR3 a BT474. Our findings prove that the
presence of specific DARPins on the surface of drug delivery system leads to a higher
uptake of these transport systems by the cells with HER-2 receptors.

In the project we have also dedicated to the development of a new type of drug delivery
systems for controlled release of anticancer drugs. For the preparation of such systems we
have utilized copolymers based on poly(2-oxazolin). The properties of poly(2-oxazolin)
polymeric micelles, the high thermodynamic and kinetic stability in biological surroundings,
low cytotoxicity, and the ability to accumulate a large amount of hydrophobic/amphiphilic
drugs (in our case hypericin and curcumin), lead to a proposition of their effective utilization
for drug delivery in cancer treatment.
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