Agentura na podporu vyskumu a vyvoja

Formular ZK

Zavereéna karta projektu

Nazov projektu Eviden¢né ¢islo projektu APW-17-0118

Exozémy z mezenchymovych kmenovych buniek ako potencialna alternativa bunkovej
terapie v lie¢be osteoartritidy

Zodpovedny rieSitel RNDr. Timea Spakova, PhD.
Priiemca Univerzita Pavla Jozefa Safarika v KosSiciach - Lekarska fakulta

Nazov pracoviska, na ktorom bol projekt rieSeny

Univerzita Pavla Jozefa Safarika v KoSiciach - Lekarska fakulta

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

NA

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

NA

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

1. SPAKOVA, Timea; JANOCKOVA, Jana; ROSOCHA, Jan: Characterization and
Therapeutic Use of Extracellular Vesicles Derived from Platelets. In: International journal of
molecular sciences : open access journal. - ISSN 1422-0067. - Ro€. 22, ¢. 18 (2021), art.
no. 9701, s. [1-17]. - Spbsob pristupu: https://www.mdpi.com/1422-0067/22/18/9701/htm. -
DOI10.3390/ijms22189701

2. JANOCKOVA, Jana; MATEJOVA, Jana; MORAVEK, Marko; HOMOLOVA, Lucia;
SLOVINSKA, Lucia; NAGYOVA, Alena; RAK, Dmytro; SEDLAK, Marian; HARVANOVA,
Denisa; SPAKOVA, Timea; ROSOCHA, Jan : Small Extracellular Vesicles Derived from
Human Chorionic MSCs as Modern Perspective towards Cell-Free Therapy. In: International
journal of molecular sciences : open access journal. - ISSN 1422-0067. - Roc. 22, ¢. 24
(2021), art. no. 13581, s. [1-17]. - Spbsob pristupu:
https://www.scopus.com/record/display.uri?eid=2-s2.0-85121327710&origin=resultslist. -
DOI 10.3390/ijms222413581

3. JANOCKOVA, Jana; MATEJOVA, Jana; MORAVEK, Marko; SLOVINSKA, Lucia;
HARVANOVA, Denisa; SPAKOVA, Timea; ROSOCHA, Jan: Extracellular vesicles isolated
from human plasma as potential diagnostic tool for osteoarthritis. In: Journal of extracellular
vesicles. - ISSN 2001-3078. - Ro¢. 11, €. S1 (2022), PF02.08, s. 197-197, online. - Spdsob
pristupu: https://onlinelibrary.wiley.com/doi/full/10.1002/jev2.12224. 10.1002/jev2.12224

4. Denisa HARVANOVA, Jana MATEJOVA, Lucia SLOVNSKA, Marek LACKO, Slavomira
GULOVA, Livia KOLESAR FECSKEOVA, Jana JANOCKOVA, Timea SPAKOVA, Jan
ROSOCHA. The Role of Synovial Membrane in the Development of a Potential In Vitro

Formular ZK, strana 1/4



Model of Osteoarthritis. International journal of molecular sciences : open access journal,
ISSN 1661-6596, Roc. 23, €. 5 (2022), art. no. 2475, s. [1-15]

Uplatnenie vysledkov projektu

Jednym z parcialnych cielov projektu bola optimalizacia pripravy exozémov. Na zaklade
posudenia efektivity, financnej a Casovej narocnosti sme Standardizovali postup izolacie
exozomov. Kondiciované médium, ktoré sme ziskali z MKB z chorionu sme koncentrovali a
na izolaciu exozémov sme pouzili precipitanu metodu. Ziskané exozdmy sme nasledne
precistili ultrancentrifugaciou. Nami zvoleny postup na izolaciu exozémov méze sluzit ako
efektivny model pre pripravu exozémov z kondiciovaného média MKB. Pri priprave
zapalového modelu OA sme vychadzali z naSich predchadzajucich vysledkov a z doteraz
publikovanych prac, v ktorych pouZzivali na aktivaciu chondrocytov a synovialnych
fibroblastov syntetické zapalové cytokiny IL-1B+TNFa. Z naSich vysledkov vyplyva, Ze na
vytvorenie zapalového mikroprostredia OA mézu byt pouzité nielen syntetické zapalové
cytokiny IL1-B+TNF-a ale aj kondiciované média z OA tkaniv (synovialna, menbrana,
infrapatelarne tukové teliesko), ktoré pGsobia ako mediatory komunikacie medziréznymi
klbovymi bunkami a tkanivami. Nami vytvoreny 2D OA in vitro model napodobriuje in vivo
bunkovu bioaktivitu a mikroprostredie chrupavky a méze sluzit pre dalSie analyzy
bunkovych interakcii a skimanie extracelularnych produktov. V projekte sme zistovali g
potencialny terapeuticky u€inok exozémov na lieCbu OA. Zistili sme, Zze po pridani
exozémov do zapalového in vitro modelu OA doslo k poklesu zapalovych markerov.
Vysledky ziskané v tomuto projekte ukazuju, Ze exozdmy izolované z kondiciovaného média
z MKB maiju protizapalovy ucinok podobne ako MKB, avSak oproti MKB exozémy vdaka ich
bezbunkovému statusu a malym rozmerom maju niekofko vyhod: 1) m6zu sa vyhnut
filtraCnym organom v tele a maju potencial prekrocit’ aj iné biologické bariéry; 2) mdézu sa
skladovat' bez signifikantnej straty ich aktivity; 3) maju preukazatelne nizsie riziko vzniku
vedlajSich reakcii a inych rizik spojenych s bunkovymi transformaciamia imunogenicitou; 5)
mozu ovplyvnit’ rozdielne terapeutické mechanizmy simultanne, nakolko je v nich
obsiahnuta réznoroda Skala biomolekul a preto maju vysoky potencial pri lieCbe roznych
zapalovych ochoreni. Vysledky ziskané z naSich modelovych experimentov in vitro mézu
napomo&ct blizSie pochopit’ u€inok a ulohu exozémov v lieCbe defektov chrupky a podporit
efektivne vyuzitie mediatorov MKB obsiahnutych v exozémoch na podporu regeneracie OA
chrupky.

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
Cielom projektu bolo sledovat’ terapeuticky potencial exozomov z mezenchymovych
kmeriovych buniek (MKB) izolovanych z choriénu a detegovat ich ulohu v interakcii s
chondrocytmi v zapalovom in vitro modeli OA. MKB sme izolovali z chorionu (CHo-MKB) a
kultivovali do Stvrtej pasaze. Prietokovou cytometriou sme potvrdili, Ze CHo-MKB
exprimovali povrchové markery typické pre ludské MKB: CD90, CD105, CD73, CD29,
CD44, CD54 a neexprimuju markery CD45, HLA DR a CD14. Exozémy z kondiciovaného
média (CM) z CHo-MKB sme izolovali imunomagnetickou izolaciou, chromatografiou na
zaklade velkosti Castic molekul, alebo precipitaciou. Na zaklade posudenia efektivity izolacie
(pocet, velkost, vlastnosti exozomov), Casovej a finan€nej naro¢nosti sme na izolaciu
exozémov z CM z CHo-MKB zvolili precipitani metédu pomocou ExoQuicku, alebo PEGu.
Pocet a velkost exozomov sme stanovili NTA analyzou. Ziskali sme 1.19 + 0,88 x 109
Castic/mL, ktorych velkost' bola v rozmedziod 50 do 400 nm. Prietokovou cytometriou sme
potvrdili, Ze exozoOmy exprimovali exozomalne markery (CD9, CD63, CD81), markery
bunkového pévodu (CD29, CD44 a CD105) ako aj markery CD146 a MCSP (pericytovy
marker), zaroven boli negativne pre dalSie epitopy. Na analyzu miRNA profilu exozémov z
CM z CHo-MKB a z tkaniva choriénu sme pouzili revoluéni metédu sekvenovania novej
generaciu (NGS). Medzi exozémami z tkaniva a MKB z choriénu sme identifikovali 80
diferencialne exprimovanych miRNA, z toho 63 bolo upregulovanych a 17
downregulovanych. Profily MKB-miRNA su si navzgjom viac podobné, avdak TK-miRNA
profily vykazuju vysoku variabilitu zrejme v zavislosti od donora vzorky. Na vytvorenie
zapalového in vitro modelu OA sme pouzili synovialne fibroblasty (SF) a chondrocyty, ktoré
sme stimulovali zapalovymi cytokinmi (IL-18+TNFa a IFNy) alebo CM z OA tkaniv
(synovialna membrana,SM, chrupka CRT, infrapatelarne tukové teliesko, IFP) ktoré imituju
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prirodzené mikroprostredie kolenného kibu. V CM z OA tkaniv sme analyzovali prozapalové
a protizapalové molekuly multiplexnou ELISA metédou. V CM-SM sme detekovali najvysSie
hladiny prozapalovych molekul RANTES, IL-6, IL-8, MCP-1. Aktivacia SF s IL-13+TNF-a
spbsobila najvyznamnejsie zmeny v produkcii IL-8, MCP 1, IL-1Ra a RANTES. Z OA tkaniv
malo CM-SM najvyraznejSi vplyv na aktivaciu SF, ¢o sa prejavilo zvySenou produkciou
prozapalovych molekul (IL-6, IL-8, MCP-1, RANTES, VEGF). Na zistenie u€inku exozomov
na zapalovy in vitro model OA sme pouzili chondrocyty, ktoré sme stimulovali pomocou CM-
SM. K aktivovanym chondrocytom sme pridali exozomy ziskané precipitaciou z CM z CHo-
MKB v mnozstve (1,13 x 1010/jamka). Po 24h inkubacii aktivovanych chondrocytov s
exozomami do$lo k poklesu génovej expresie IL-6, IL-8, COX2, MMP3, MMP13, ¢im sme
potvrdili ich protizapalovy ucinok. Jednym z parcialnych cielov projektu bola aj realizacia
experimentov, ktoré nam umoznia lepSie pochopenie patogenézy OA. OA tkaniva odobraté
od pacientov v neskorom $tadiu OA priamo odrézaju patofyziologicky stav kolenného kibu.
Ich charakterizacia nam poskytuje informacie o biologickych mechanizmoch podielajucich
sa na patogenéze OA. Parcialne vysledky o koncentracii prozapalovych a protizapalovych
molekul pritomnych v CM v OA tkanivach (CRT, SM) sme ziskali analyzou pomocou
multiplexnej ELISa metddy. KomplexnejSie informacie o zapalovom profile jednotlivych OA
tkaniv sme ziskali porovnanim exozémov izolovanych z CM z tychto tkaniv vs zdravé
tkanivo chorionu na urovni miRNA pomocou sekvenovania. Porovnanim normalizovanej
expresie miRNA v zdravom vs OA tkanivach sme identifikovali niekolko miRNA so
Statisticky vyznamnym rozdielom v expresii, ktoré participuju na degradacii chrupky a maju
svoj vyznam v apoptéze chondrocytov. Okrem diferencialnej expresie, niektoré miRNA boli
vo vSetkych tkanivach zastupené vo vysokom pocte. Tieto miRNA so stabilnou expresiou by
mohli slizit ako potencialne referencné gény v dalSich experimentoch zameranych na ich
diferencialnu expresiu.

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

The aim of the project was to monitor the therapeutic potential of exosomes from
mesenchymal stem cells (MSCs) isolated from the chorion and to detect their role in the
interaction with chondrocytes in an inflammatory in vitro model of OA. MSCs were isolated
from the chorion (CHo-MSCs) and cultured until the fourth passage. We confirmed by flow
cytometry that CHo-MSCs expressed surface markers typical for human MKB: CD90,
CD105, CD73,CD29, CD44, CD54 and did not express CD45, HLA DR and CD14 markers.
We isolated exosomes from conditioned medium (CM) from CHo-MSCs by
immunomagnetic isolation, chromatography based on the size of molecular particles, or
precipitation. Based on the assessment of the isolation efficiency (number, size, properties
of exosomes), time and financial demands, we chose the precipitation method using
ExoQuick or PEG to isolate exosomes from CM from CHo-MSCs. We determined the
number and size of exosomes by NTA analysis. We obtained 1.19 £ 0.88 x 109
particles/mL, the size of which was in the range from 50 to 400 nm. We confirmed by flow
cytometry that exosomes expressed exosomal markers (CD9, CD63, CD81), cell origin
markers (CD29, CD44 and CD105) as well as CD146 and MCSP markers (pericyte marker),
while they were negative for other epitopes. We used a revolutionary next-generation
sequencing (NGS) method to analyze the miRNA profile of exosomes from CM from CHo-
MSCs and from chorionic tissue. We identified 80 differentially expressed miRNAs between
exosomes from the tissue and MSCs from the chorion, of which 63 were upregulated and 17
downregulated. MSCs-miRNA profiles are more similar to each other, but TK-miRNA
profiles show high variability, apparently depending on the donor of the sample. To create
an inflammatory in vitro model of OA, we used synovial fibroblasts (SF) and chondrocytes,
which we stimulated with inflammatory cytokines (IL-1B+TNFa and IFNy) or CM from OA
tissues (synovial membrane, SM, CRT cartilage, infrapatellar fat pad, IFP ) that imitate the
natural microenvironment of the knee joint. We analyzed pro-inflammatory and anti-
inflammatory molecules in CM from OA tissues by multiplex ELISA method. We detected
the highest levels of pro-inflammatory molecules RANTES, IL-6, IL-8, MCP-1 in CM-SM.
Activation of SF with IL-1B+TNF-a caused the most significant changes in the production of
IL-8, MCP 1, IL-1Ra and RANTES. Ofthe OA tissues, CM-SM had the most significant
effect on SF activation, which was manifested by increased production of pro-inflammatory
molecules (IL-6, IL-8, MCP-1, RANTES, VEGF). To investigate the effect of exosomes on
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an inflammatory in vitro model of OA, we used chondrocytes that we stimulated with CM-
SM. We added exosomes obtained by precipitation from CM from CHo-MSCs in an amount
(1.13 x 1010/well) to the activated chondrocytes. After a 24-hour incubation of activated
chondrocytes with exosomes, there was a decrease in gene expression of IL-6, IL-8, COX2,
MMP3, MMP13, which confirmed their anti-inflammatory effect. One of the partial goals of
the project was the implementation of experiments that will allow us to better understand the
pathogenesis of OA. OA tissues collected from late-stage OA patients directly reflect the
pathophysiological state of the knee joint. Their characterization provides us with information
about the biological mechanisms involved in the pathogenesis of OA. Partial results on the
concentration of pro-inflammatory and anti-inflammatory molecules present in CM in OA
tissues (CRT, SM) were obtained by analysis using the multiplex ELISA method. We
obtained more comprehensive information about the inflammatory profile of individual OA
tissues by comparing exosomes isolated from CM from these tissues vs. healthy chorionic
tissue at the miRNA level using sequencing. By comparing normalized miRNA expression in
healthy vs. OA tissues, we identified several miRNAs with statistically significant differences
in expression that participate in cartilage degradation and are important in chondrocyte
apoptosis. In addition to differential expression, some miRNAs were represented in high
numbers in all tissues. These miRNAs with stable expression could serve as potential
reference genes in further experiments focusing on their differential expression.
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