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Editorial

Komisia experimentalnej kardiologie (KEK) pri Slovenskej fyziologickej spolo¢nosti
a Ceskej fyziologickej spolo¢nosti, Slovenska fyziologicka spolo¢nost a Ustav pre
vyskum srdca, Centrum experimentalnej mediciny SAV, v.v.i. zorganizovali v poradi
uz 49. pracovnu konferenciu Komisie experimentalnej kardiologie 2022, tentokrat pod

nazvom ,,Vapnik a kardiovaskularny systém — pozitivne vs. negativne ucinky*.

Ugastnici pracovnych stretnuti KEK vzdy ocefiovali moznost prezentovat svoje
vlastné aktualne vysledky ako aj mozZnost oboznamit s novinkami v oblasti
experimentalnej a klinickej kardiologii. Rovnako tomu bolo aj na aktualnom 49.
roéniku. U&astnici sa venovali kit¢ovym témam z oblasti funkcie srdca, tlohy vapnika,
elektrofyzioléogie srdca a arytmii, kardiovaskularnej regulacii, ischemicko-
reperfuzneho poskodenia, patologickych stavov pri kardiovaskularnych ochoreniach
suvisiacich s poruchou homeostazy vapnika vratane zlyhavania srdca, bunkovych
adaptaénych mechanizmov v myokarde a kardioprotekcii na urovni energetiky

srdcovych mitochondrii.

Aj vdaka spolupraci so Slovenskou kardiologickou spolo¢nostou sa nam podarilo
vytvorit podujatie, ktoré v sebe spajalo zaujimavu fuziu klinickej a experimentalnej

kardioldgie.

MUDr. Tana Ravingerova, DrSc.
Ing. Miroslav Ferko, PhD.

Mgr. Natalia Andelova, PhD.
Mgr. Veronika Farkasova, PhD
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Abstrakty



Srdcovy konexin-43 je zvySeny a pro-fibroticka signalna draha TGF-1/SMAD2/3
potlacena v odpovedi na chladovi adaptaciu u bezsrstého kmeinia SHR

K. Andeloval, B. Szeiffova Bacoval, M. Sykora?, S. Pavelka??, H. Rauchova?, N.
Tribulova!

’1 Centrum experimentalne;j mediciny, v.v.1., Slovenska akadémia vied, 84104, Bratislavva;
2Ustav molekularni genetiky AV CR, v. v. i., 14220, Praha 4; ® Fyziologicky tistav AV CR, v.
V. i., 14220, Praha 4

Predchadzajuce prace poukazujii na zvySent nachylnost’ spontanne hypertenznych potkanov
(SHR) k malignym arytmiam. KI'i¢ovymi faktormi v arytmogenéze su zmeny konexinu-43
(Cx43), ktory zabezpecuje elektricky kontakt a komunikaciu medzi kardiomyocytmi a tieto
ovplyviiuji aj zmeny v extracelularnej matrix (ECM). Je zndme, Ze chladova adapticia sa
podiel’a na ochrane srdca, av§ak mechanizmy nie st dostato¢ne objasnené.

Cielom stadie bolo zistit, ¢i adaptacia bezsrstych SHR na chlad ovplyvni uvedené pro-
arytmické faktory. Sledovala sa tiez odozva tychto potkanov na indukovany hypertyroidny a
hypotyroidny stav.

Z vysledkov vyplyva, ze nie su vyznamne rozdiely v biometrickych parametroch medzi
bezsrstym a Standardnym kmenom SHR. Analyzy v§ak odhalili v myokarde bezsrstych SHR
zvySenie konexinu-43 ako aj jeho variantu fosforylovani na serine368, ktord podporuje
elektricku stabilitu. Okrem toho, v porovnani so Standardnym kmeniom mali bezsrsté SHR pro-
arytmické zmeny v topologii Cx43. TaktieZ sa zistili zvySené hladiny -kateninu, proteinu ktory
prispieva k adhéznemu spojeniu kardiomyocytov. Pozoruhodny je fakt, ze proteiny pro-
fibrotickej drahy TGF-B1, SMAD2/3 a kolagén-1 ako aj jeho Stiepny produkt, hydroxyprolin,
boli u bezsrstého kmena znizené. Nezistili sa vSak rozdiely sledovanych ukazovatel'ov v odozve
na zmeny tyroidného stavu medzi porovnavanymi kmefimi.

Vysledky naznacuju, Ze bezsrsty SHR kmenl by mohol profitovat’ z adaptéacie na chlad a to
vd’aka zvySeniu proteinovych hladin Cx43 a supresii pro-fibrotickej signdlnej drahy. Tieto
skutocnosti by sa mohli podiel’at’ na menSej nachylnosti k malignym arytmidm ¢o je potrebné
eSte preverit.

Stidia bola financne podporend grantami: VEGA 2/0002/20, 2/0158/19 a APVV-21-0410



Utinok remote ischemického preconditioningu na mitochondrialny prote6m srdca
N. Andelova?, I. Waczulikova?, V. FarkaSoval, T. Ravingeroval, M. Ferko?!

YCentrum experimentalnej mediciny SAV, v.v.i., Bratislava, Slovenska republika; *Oddelenie
jadrovej fyziky a biofyziky, Fakulta matematiky, fyziky a informatiky Univerzity Komenského,
Bratislava, Slovenska republika

Remote ischemicky preconditioning (RPC) preukézal zvysenu toleranciu myokardu voci zat'azi
a jeho pozitivny ucinok bol potvrdeny zlepSenim viacerych fyziologickych parametrov po
ischemicko/reperfuznom (I/R) poSkodeni. Do kardioprotektivnych drah RPC je vyznamnym
spOsobom zapojena prave mitochondridlna moduldcia. NaSim cielom bolo prispiet’
k objasneniu moznych iniciatorov kardioprotektivnej signalizacie navodenej skorou fazou RPC
Z pohl'adu proteinov identifikovanych kvantitativnou label-free LC-MS/MS proteomickou
analyzou izolovanych srdcovych mitochondrii. Samce potkanov kmena Wistar boli vystavené
RPC pozostavajliceho z 3 cyklov 5-minuatovej ischémie a reperfuzie pravej zadnej koncatiny
femoralnej artérie nafuknutim tlakovej manZety na 200 mmHg. Extrahované srdcia boli
nasledne perfundované metodou podl'a Langendorffa (30 minut globalnej ischémie a 40 minut
reperfuzie). Sledovanim vplyvu RPC na mitochondridlny proteém sme pozorovali stimulaciu
proteinov zapojenych do B-oxidacnej drahy mastnych kyselin, Krebsovho cyklu a proteinov s
antioxidac¢nou aktivitou (PRDX3, PRDXS, SODM). Jednym z najvyraznejSie ovplyvnenych
proteinov RPC bol peroxiredoxin-5 (PRDXS), protein s cytoprotektivnou funkciou. Expresia
PRDXS bola znizena v dosledku I/R poSkodenia, ale i¢cinkom RPC bola vyznamne zvySena
(p =0,0002). PRDX5 teda mézZzeme povazovat za potencialny marker podielajuci sa na
zabezpeceni kardioprotektivnej signalizacie indukovanej RPC. Proteomicka analyza odhalila
kardioprotektivny ucinok RPC prostrednictvom regulacie mitochondridlnych proteinov s
funkciou zameranou na udrZatel'nost’ energie myokardu.

Tato studia bola podporend: APVV 15-0119, APVV 19-0540, APVV 21-0410, APVV 20-0242,
VEGA 1/0775/21, VEGA 1/0016/20.



The vasoactive effect of hydrogen sulfide on the mesenteric artery in metabolic
syndrome

B. G. Aydemir, A. Berenyiova, S. Goals, S. Cacanyiova

Institute of Normal and Pathological Physiology, Center of Experimental Medicine Slovak
Academy of Sciences, Bratislava, Slovakia

Hydrogen sulfide (H2S) is an important gaseous transmitter that could interfere with the
etiopathogenesis of different cardiovascular and metabolic diseases. However, H>S in
interaction with nitric oxide (NO) may also trigger compensatory vasoactive effects to
counterbalance pathologically increased vascular tone in both arterial hypertension and
metabolic syndrome.

12 weeks-old SHR were divided into three groups: control rats, rats treated with 10% fructose
in drinking water for 8 weeks, and rats treated with fructose and during the last three weeks
with H2S donor, GY'Y-4137 (266 ng/kg/day, i.p.). Vasoactivity of the isolated mesenteric artery
(MA) was recorded as changes in isometric tension. H>S inhibition was performed by acute
incubation with DL-propargylglycine (PPG, 10 mmol/l). Acute incubation with NC-nitro-L-
arginine methy! ester (L-NAME, 10~ mol/I) was used for inhibition of NO production.

The chronic fructose intake significantly increased the plasma level of triacylglycerols (TAG)
and this effect was partially attenuated by treatment with an H>S donor. The systolic blood
pressure (SBP) was increased in fructose-fed rats, however 3-week-long treatment with GY'Y -
4137 decreased the SBP. We observed that fructose intake enhanced endothelium-dependent
vasorelaxation and decreased adrenergic contraction of MA, along with the sensitivity to
noradrenaline remained unchanged. While GYY-4137 administration did not significantly
affect vasorelaxant responses, it partially restored reduced contractility in fructose-fed rats.
There was no difference in the participation of endogenous H2S in vasoactive responses among
groups. While a significantly decreased participation of NO in contractile response was
demonstrated in GYY4137 only, the acute pretreatment with L-NAME, inhibited the
vasorelaxant response significantly more in fructose and GY'Y-4137 treated rats.

Our results suggest that fructose intake triggered compensatory vasoactive responses of the MA
which included the action of the NO signal pathway. Moreover, a slow H2S-releasing donor
could partially amend metabolic-related changes and ameliorate impaired mesenteric
contractility.

Acknowledgment: This study was supported: VEGA 2/0147/22; VEGA 2/0111/19.



Genetické varianty asociované s idiopatickou fibrilaci komor: role dysfunkce RYR?2
kanalu

M. Bébarova'?, S. Lietava?, I. Synkova®, J. Zidkova®, T. Novotny?

L Fyziologicky tistav, Lékaiska fakulta, Masarykova univerzita, Brno, Ceskd republika; ®
Interni kardiologicka klinika, Fakultni nemocnice Brno a Lékarska fakulta, Masarykova
univerzita, Brno, Ceskd republika, 8 Centrum molekuldrni biologie a genetiky, Interni
hematologicka a onkologicka klinika, Fakultni nemocnice Brno a Lékarska fakulta,
Masarykova univerzita, Brno, Ceskd republika

Popula¢ni studie potvrdily vyznamny podil genetické predispozice na vzniku ndhlé srde¢ni
smrti. Zd4 se, Ze to plati 1 u tzv. idiopatické fibrilace komor (FK), ktera tak mtze slouzit jako
vhodny model studia patogeneze ndhlé srde¢ni smrti. Idiopatickd FK je charakterizovana
vyskytem FK u pacienta bez znamek jeho strukturdlniho poSkozeni a také bez klinickych
znamek nékterého z hereditarnich arytmiich syndromt. U nékterych z téchto pacientl 1ze nalézt
vzacné varianty v genech kodujicich srde¢ni iontové kanaly, podobné jako tomu je u dédicnych
arytmogennich syndromd, i kdyz tato diagn6za byla u téchto pacienti vyloucena. V nasi pilotni
studii prvnich 22 pacientt s idiopatickou FK zregistru FN Brno jsme nalezli vzacné,
potencidlné patogenni varianty v genech kodujici srdecni iontové kandly jiz u 13 pacientd;
nejcastéji Slo o varianty v genech KCNH2 (4 pacienti) a RYR2 (5 pacienttl). Pro nedavno
zahdjenou detailni funkEni analyzu byla mimo jiné vybrana doposud neznama varianta
Y4734C-RYR2. Tato varianta se nachazi v blizkosti jiné varianty v genu RYRZ asociované
s idiopatickou FK, A4860G-RYR2, ktera pii funkéni analyze ptekvapivé vykazovala snizenou
tendenci k uvoliiovani Ca?* ze sarkoplazmatického retikula (SR) pii jeho preplnéni Ca?* (Jiang
et al., PNAS 2007, 104, 18309-14). Tyto vlastnosti ji vyznamn¢ odliSuji od doposud funkéné
charakterizovanych variant v genu RYR2, které byvaji obvykle asociovany s dédicnym
arytmogennim syndromem zvanym katecholaminergni polymorfni komorova tachykardie
(CPVT) a vyznacuji se naopak navySenim funkce RYR2 kandlu projevujicim se spontannim
upousténim Ca?* ze SR. To b&hem zvysené B-adrenergni stimulace v priibéhu fyzické zatéze
vede typicky ke vzniku pozdnich néslednych depolarizaci az k polymorfni komorové
tachykardii, ktera mize degenerovat ve FK. Byt byl nas pacient s variantou Y4734C-RYR2
V minulosti resuscitovan pro FK, pii ndsledném opakovaném vySetieni u néj nebyly pfitomny
zadné ptfiznaky CPVT. V ramci kaskddového screeningu byli nedavno vySetfeni piibuzni
naseho pacienta. Jeho zdravy synovec s piirozenou (wild-type) variantou genu RYR2 je bez
znamek jakékoliv arytmie. Naproti tomu sestra naSeho pacienta je rovnéZz nosickou varianty
Y4734C-RYR2 a vykazuje typické znaky CPVT. Je tedy pravdépodobné, Ze varianta Y4734C-
RYR?2 je variantou patogenni, jak bude provéfeno probihajici funkéni analyzou, a Ze typické
projevy CPVT jsou u naSeho pacienta pravdépodobné maskovany a mohou se objevit jen za
specifické, doposud ndm nezndmé situace, jejiz charakter se budeme snazit objasnit. Ziskana
data by mohla pomoci objasnit patogenezi vzniku FK u naSeho pacienta a identifikovat rizikové
faktory, které u n¢j vedly ke vzniku Zivot ohrozujici arytmie.

10



Podporeno z projektu ¢. NU22-02-00348 poskytnutého Ministerstvem zdravotnictvi CR a z projektu ¢.
MUNI/A/1133/2021 specifického vysokoSkolského vyzkumu, ktery poskytlo Ministerstvo skolstvi,
mladeze a télovychovy CR.
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Activation of RISK signalling pathway is associated with cardioprotective effect of
remote ischemic preconditioning in SHR rats

V. Farkagova?, L. Kindernay!, M. Ferko?!, T. Rajtik?, A. Szobi’, A. Adameova?, T.
Ravingerova'

Center of Experimental Medicine Slovak Academy of Sciences, branch Institute for Heart
Research, Bratislava, Slovak Republic; 2Faculty of Pharmacy, Comenius University,
Bratislava, Slovak Republic

Remote ischemic preconditioning (RIPC) represents a form of innate cardioprotection.
However, its application in humans has not been always beneficial, which might be attributed
to the presence of various comorbidities and/or confounders, such as hypertension, gender or
middle age of the patients. RIPC has been shown to mediate its cardioprotective effect by
activating reperfusion injury salvage kinase (RISK) pathway in healthy animals, however, there
IS no evidence supporting this effect of RIPC in the hearts of spontaneously hypertensive (SHR)
rats. The study aimed to investigate the effectiveness of RIPC in male SHR rats of different age
and to evaluate the role of RISK pathway in the effect of RIPC on cardiac ischemic tolerance.
RIPC was performed on the right hind limb of thiopental (50-60 mg/kg i.p.)-anesthetized SHR
rats aged three, five and eight months. Subsequently, hearts were excised, Langendorff-
perfused and exposed to 30min ischemia and 2h reperfusion. Enhanced resistance to myocardial
infarction after RIPC was observed only in three and five month old animals. In three and five
month old animals, RIPC exhibited antiarrhythmic effect, while its impact on the severity of
arrhythmias in eight months old SHR rats was negative. Beneficial effects of RIPC were
accompanied by increased RISK and decreased apoptotic signalization observed only in three
and five months old animals. In conclusion, RIPC showed cardioprotective effects in SHR rats
that were partially age-dependent and may be attributed to the differences in the activation of
RISK pathway and a distinct way of influencing various aspects of ischemia/reperfusion injury.

Funging: APVV -19-0540; APVV-20-0242; VEGA 2/104/22; VEGA 1/0775/21

12



Dichloracetat ako modulitor endogénnej ochrany mitochondrii v myokarde so zniZenou
utilizaciou kyslika

M. Ferko!, I. Waczulikova?, T. Ravingerova!, N. Andelova'

YCentrum experimentalnej mediciny SAV, v.v.i., Bratislava, Slovenska republika; *Oddelenie
jadrovej fyziky a biofyziky, Fakulta matematiky, fyziky a informatiky Univerzity Komenského,
Bratislava, Slovenska republika

Uvod: Vysoké riziko predstavujii poruchy metabolizmu kyslika, ktoré asto vedt k dysfunkcii
organov. Najmd myokard je charakterizovany zvySenymi energetickymi narokmi v
podmienkach patologického zat'azenia. Pre Stidium energetického deficitu v podmienkach
znizen¢ho vyuzitia kyslika bol navrhnuty experimentalny model akutneho strepoztocinom
(STZ) indukovaného diabetes mellitus (D). Vzhl'adom na to, ze mitochondrie zohravaju
dolezita ulohu v metabolizme kyslika, je potrebné sledovat prave ich vykonnost’ s ohl'adom na
ochorenia, ktoré sa vyznacuju zvySenou potrebou energie. Zamerali sme sa na roz$irenie
vedomosti o kliCovych signilnych drahach spojenych s reguldciou otvarania
mitochondrialnych pérov prechodnej permeability (mPTP) a signalizacie ROS v podmienkach
zniZenej utilizécie kyslika lieCenych metabolickym modulatorom dichléracetatom (DCA).
Materialy a metddy: Na experimenty boli pouzité samce potkanov kmenia Wistar (n=24) vo
veku 12-15 tyzdiov a s hmotnost'ou 323 + 28 g. Akutny 8-diiovy D model bol indukovany
jednou davkou STZ (65 mg/kg i.p.). DCA bol podavany zvieratam v davkach (150 mg/kg a 75
mg/kg 1.p.) 60 minat a 15 minlt pred exciziou srdca. Pred extrakciou srdca boli zvierata
stabilizované poc€as 30 minut. [zolované mitochondrie srdca potkana Wistar sa pouzili na
kvantitativnu LC-MS/MS proteomicktl analyzu a fluorescencné analyzy.

Vysledky: Proteomické analyzy odhalili vyznamnt (p < 0,0001) proteinovll stimuléciu
komplexu dychacieho retazca I a II v skupine so zniZenou utilizaciou kyslika v porovnani so
zdravou kontrolnou skupinou (C). U diabetickych zvierat v kombinacii s DCA sme pozorovali
vyznamny pokles pre komplex II (p < 0,001) a komplex IV (p < 0,05). Preukazali sme
signifikantne (p < 0,001) upregulovani proteinovi aminooxidazu [flavin-obsahujuca] A
(AOFA) v D mitochondriach, ¢o naznacuje zvysent tvorbu volnych radikalov (ROS). DCA u
diabetickych zvierat (D+DCA) zniZila regulaciu AOFA (p < 0,05) a stimulovala peroxidova
reduktdzu zavislu od tioredoxinu (p < 0,05), protein s antioxidacnou funkciou.. D stav bol
spojeny s mitochondrialnou rezistenciou voc¢i pretazeniu vapnikom prostrednictvom regulécie
mPTP. Na rozdiel od toho stav D+DCA ovplyvnil hladiny ROS v porovnani so samotnym D.

Zaver: Stimulacia proteinov mitochondridlneho dychacieho retazca a komplexu mPTP sa
podiel'a na endogénnych kompenzacnych mechanizmoch veducich k udrzaniu funkcie
myokardu v podmienkach zvySenej energetickej zat'aze. Charakterizacia kombinovaného
ucinku D+DCA ukazuje, Ze DCA pdsobila ako efektor reguldcie vychytavania vapnika a
produkcie ROS. Celkovo dosiahnuté vysledky rozsirili dostupné poznatky o mitochondrialnych
signalnych drdhach v srdci potkana, ktoré moézu viest' ku kardioprotekcii pocas znizeného
vyuzitia kyslika v podmienkach D.

Granty: APVV 15-0119, APVV 19-0540, APVV 20-0242, VEGA 2/0121/18, VEGA 2/0141/18, VEGA
1/0016/20, VEGA 1/0775/21.
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Vazoaktivny ucinok perivaskularneho tukového tkaniva a sirovodika v hrudnej aorte
potkana v podmienkach esencialnej hypertenzie a metabolického syndromu

S. Golas, A. Berényiova, A. Zemanéikova, S. Catanyiova

Ustav normalnej a patologickej fyziologie, Centrum experimentdlnej mediciny SAV,
Bratislava, Slovenska republika

Perivaskularne tukové tkanivo (PVAT) ma schopnost’ vyluCovat’ latky parakrinnym
alebo endokrinnym spdsobom. Jednou z vazoaktivnych latok produkovanych z PVAT ale aj
cievnou stenou méze byt sirovodik (Hz2S) s bifazickym efektom na kardiovaskularny systém.
Avsak v patologickych podmienkach esencialnej hypertenzie a metabolického syndromu méze
byt u¢inok vazoaktivnych latok produkovanych PVAT redukovany. Cielom tejto prace bolo
zistit’ vazoaktivnu ulohu PVAT ako aj jeho vzajomny vztah s endogénnym a exogénnym H»S
vo vazoaktivnych odpovediach izolovanej hrudnej aorty (HA) u dospelych normotenznych
Wistar, spontanne hypertenznych (SHR) a hypertriglyceridemickych (HTG) potkanov. Zmeny
izometrickej tenzie sme registrovali prostrednictvom elektromechanického snimaca zmien
tenzie po exogénne aplikovanom noradrenaline (NA), acetylcholine (Ach) a Na.S, exogénnom
donore HzS vizolovanej HA bez PVAT a s intaktnym PVAT. Na inhibiciu endogénnej
produkcie HS sa pouzil inhibitor cystationin-gama-lyazy, DL-propargylglycin (PPG).

Najvicsie vazokontraktilné odpovede HA na exogénny NA sme zaznamenali u HTG
potkanov. AvSak bez ohladu na kmeni, PVAT malo antikontraktilny efekt a signifikantne
redukovalo kontraktilné odpovede HA. Endotel zavislé vazorelaxatné odpovede HA na
exogénny Ach boli redukované len u HTG potkanov, ale PVAT zhorsilo vazorelaxaciu u
vSetkych troch kmetiov. AvSak najmenSie vazorelaxa¢né odpovede HA s PVAT sme pozorovali
u HTG potkanov.

U SHR potkanov sme zaznamenali, Ze H2S produkovany cievnou stenou ako aj PVAT
mal prokontraktilny efekt a podiel'al sa zvacSenej vazokontrakcii HA. Na druhej strane HS z
cievnej steny ale nie PVAT mal pro-relaxacny Gc¢inok a podielal sa na endotel zavislej
vazorelaxacii HA. U HTG potkanov sme nezaznamenali zZiadny efekt H>S z cievnej steny,
avSak H2S produkovany z PVAT mal antikontraktilny efekt a prispieval tak ku redukcii
vazokontraktilnych odpovedi HA. Na druhej strane H2S produkovany cievnou stenou ako aj
PVAT mal anti-relaxa¢ny ti¢inok na endotel zavislej vazorelaxacii HA.

Podévanie NazS vyvolalo dualny vazoaktivny G€¢inok u vSetkych kmeniov. U SHR HA
s PVAT mala signifikantne zmeneni odpoved: zmenSent kontraktilni a zvicSent
vazorelaxacnu fazu. Rovnako u HTG potkanov sme zaznamenali signifikantny efekt PVAT;
posun v prospech vazokontrakcie bol pozorovany u HA s PVAT. Pri vzijomnom porovnani
SHR a HTG, bola bez ohl'adu na pritomnost PVAT, signifikantne zvySena vazorelaxac¢na
odpoved’ a zmenSena kontraktilna faza Na,S-vyvolanych odpovedi u SHR. Navyse pritomnost’
PVAT este viac zvacsilo vazorelaxaénti odpoved’ HA u SHR.

V naSej praci sme ukdzali, Ze u SHR potkanov mal endogénne produkovany H2S dualny
ucinok v zavislosti od typu spustenej signalnej drahy. H2S produkovany cievnou stenou mal
pro-kontraktilné ucinky, ¢im pravdepodobne prispieval k patologickym zmendm esencialnej
hypertenzie. Na druhej strane sa u SHR potkanov spustali kompenza¢né vazoaktivne
mechanizmy, ktory zahfiiali pro-relaxa¢ny u¢inok H2S produkovaného z cievnej steny. U HTG
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potkanov sme pozorovali, Ze H2S produkovany z cievnej steny sa podiel’al pro-kontraktilnym
ucinkom na zvySovani cievneho tonusu a navySe anti-relaxacny u¢inok H>S prispieval do
endotelovej dysfunkcie. Na zaklade toho sa domnievame, ze pritomnost’ d’alSej metabolicke;j
poruchy u HTG zosilnovala patologické posobenie HoS produkovaného cievnou stenou HA.
Taktiez sme potvrdili, Ze existuje Specifickd interakcia medzi aktivitou PVAT a pdsobenim
exogénnych H2S donorov. Ukazali sme, ze aj ked’ exogénne donory H2S by mohli byt vhodnou
kompenzacnou vazorelaxacnou terapeutickou latkou v podmienkach esencialnej hypertenzie,
je potrebné vziat do uvahy aj mozny negativny vplyv hypertriglyceridémie na vysledny
vazoaktivny efekt donora.

Podporené: VEGA 2/0147/22
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Action potential characteristics in derived cardiomyocytes of a patient carrying RYR2
variant

M. Kral!, O. Svecoval, 8. Zelenak?, J. Pachernik? T. Barta3, |. Synkova“, T. Novotny?®,
M. Bébaroval®

! Department of Physiology, Faculty of Medicine, Masaryk University, Brno, Czech Republic;
2 Department of Experimental Biology, Faculty of Science, Masaryk University, Brno, Czech
Republic;  Department of Histology and Embryology, Faculty of Medicine, Masaryk
University, Brno, Czech Republic; # Institute of Medical Genetics and Genomics, Clinic of
Internal Haematology and Oncology, University Hospital Brno and Faculty of Medicine,
Masaryk University, Brno, Czech Republic; ® Department of Internal Medicine and
Cardiology, University Hospital Brno and Faculty of Medicine, Masaryk University, Brno,
Czech Republic

Ventricular fibrillation (VF) is a common cause of death in young adults. It can originate from
a dysfunction of a cardiac ionic channel which may be caused by a variant in the encoding gene.
We have found a potentially proarrhythmic variant in the RyR2 gene, p.Y4734C-RYR2, in a
patient with VF, but structurally and functionally healthy heart (no signs of heart impairment
on magnetic resonance, echocardiography, and electrocardiography both at rest and after
exercise; i.e. idiopathic VF). This variant has not been functionally tested yet. RYR2 channel
variants are usually associated with an inherited arrhythmogenic syndrome called
catecholaminergic polymorphic ventricular tachycardia (CPVT). It might also apply to this
variant because a sister of the proband suffers from this disease as has been recently revealed.
However, no signs of CPVT could be identified in the proband. Hence, the dysfunction might
be masked by other electrophysiological changes in his heart. To reveal the mechanism and
specific conditions that may lead to VF in the proband, we have recently started a functional
analysis of the Y4734C-RYR2 variant using cardiomyocytes derived from patient-specific
human-induced pluripotent stem cells (hiPSC). It is a clinically relevant, up-to-date model that
enables fast transmission of the experimentally acquired data to clinical practice. Here we bring
pilot data showing basic characteristics of spontaneous action potential waveforms in Y4734C-
RYR2 cardiomyocytes in comparison with the characteristics in hiPSC-derived cardiomyocytes
of an unrelated healthy control (WT-RYR2; methods: whole-cell patch-clamp technique, at
37°C, 5 and 6 samples in Y4734C-RYR2 and WT-RYR2 cardiomyocytes, respectively). No
significant differences have been identified. We just observed a tendency to an increased
beating rate and decreased action potential duration in Y4734C-RYR2 cardiomyocytes; the
latter remained even after correction of the action potential duration to the respective beating
rate using both Bazett’'s and Fridericia’s formulas. For a better understanding of the influence
of this variant, we will have to perform more measurements and analyse changes in action
potential configuration at specific conditions. It will help us to better understand the mechanism
of VF generation in the proband which might be essential for his treatment and prevention of
life-threatening VVF episodes in the future.

This work was supported by the Ministry of Health of the Czech Republic, Grant No. NU22-02-
00348, and by the Ministry of Education, Youth and Sports of the Czech Republic, Grant No.
MUNI/A/1133/2021.
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Hypertension and dyslipidemia alter cardiac response to ischemia via suppression of
innate cardioprotection

T. Ravingeroval, V. Ledvényiova-Farkasova', M. Ferko!, A. Lazou?

inst Heart Res, CEM SAS v.v.i., Bratislava, Slovakia, 2School of Biol, Aristotle Univ of
Thessaloniki, Thessaloniki, Greece

Lifestyle-related risk factors (RF), such as hypertension and dyslipidemia have a negative effect
on the cardiac response to ischemia. On the other hand, moderate stress including
ischemia(hypoxia), hyperglycemia and/or free radicals, may trigger adaptive processes
increasing resistance to ischemia/reperfusion injury (IRI) known as preconditioning (PC),
which is also observed in the diabetic heart. We hypothesized that RF may exacerbate tolerance
to ischemia via interference with mechanisms of intrinsic cardioprotection. While acute STZ-
induced diabetes or high-fat diet alone reduced cardiac susceptibility to ischemia, combination
of RF markedly exacerbated IRI in the adapted hearts promoting pro-oxidative and apoptotic
processes. Accordingly, severity of arrhythmias and infarct size were increased in
preconditioned or diabetic SHR and diabetic-hypercholesterolemic animals. Research shows
that although innate cardioprotection is still retained in the pathologically altered myocardium,
its potential is lower. Thus, a higher intensity of adaptive stimulus is required to reach a similar
level of protection as in the ,healthy” heart. Cardioprotective pleiotropic (independent of
primary) effects of PPAR agonists indicate a promising approach to improve ischemic tolerance
in the ,,diseased” myocardium.

Grants VEGA-SR 2/0104/22, APVV-19-0540.
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Cerebrovaskularni preklinicky vyzkum u potkanii - kdyZ translace narazi na klinickou
realitu bez ohledu na kalcémii.-)

P. Scheer’?, J. Hlozkova'?, A. Novobilsky?®, E. Brhelova', J. Dolezalova', A.D. Aksu
Ahmet?, G. Kuzminova?, M. Robert!

Mezinarodni centrum klinického vyzkumu p#i Fakultni nemocnici u svaté Anny, Pekaiska
53, 656 91 Brno; 2Ustav farmakologie a toxikologie, Farmaceutické fakulta Masarykovy
Univerzity, Palackého t¥ida 1, 612 00 Brno; *Vyzkumny Ustav veterinarniho lékafstvi, v.v.i.,
Brno, Odd¢leni farmakologie a toxikologie

Uvod: Klasicky MCAO (okluze stfedni mozkové tepny) model narazi na fyziologické limity —
nelze soucasné sledovat v jednom jedinci efektivitu trombolyzy a bezpecnost 1é¢by. Jedina
aktudlni parketa pro studium mozkové mrtvice - trombolyza ale vyZzaduje pravé seridzni a
spolehlivé posouzeni efektivity novych (in vitro a in vivo) trombolytik a soucasné ziskat na
hodnovérném modelu informace o bezpe¢nosti nové substance/davkovaciho rezimu ¢i
kombinace trombolytik. In-vivo testovani trombolytik musi spliiovat primarn¢ schopnost
hodnotit trombolyzu jako dynamicky proces. Toto kritérium lze splnit pomoci ptimého
sledovani trombolyzy a bezpecnost hodnotit na dostatecné velkych infarktovych 1ézich
s trombolyzou mezi 3 a 4 hodinou po indukci MCAO.

Cil: Vyvinout experimentalni model syst¢émové embolie (SE) umoziujici ptimé sledovani
trombolyzy v in vivo modelu a optimalizovat MCAO model na incidenci hemoragickych
transformaci (HT) v prvnich 24 hodinach na urovni 25-35 %.

Metodologie: Model SE pouZiva umélé srazeniny (AC) pfipravené z tkanového lepidla na bazi
lidského fibrinu a pro rentgenologickou vizualizaci byl pfidan siran barnaty. SE je indukovan
aplikaci AC (3 kusy, délka 10 mm) retrogradné ze spole¢né karotidy do aortalniho oblouku.
Zvitata jsou snimkovana soucasné se zahajenim trombolytické terapie. Pro detekci lyzy je
pouzita skiaskopie (permanentni zivy obraz, zaznam kazdych 5 minut) nebo mikroCT (zdznam
kazdych 10 minut). Model byl pouZit UspéSné u 144 skiaskopii a 25 mikroCT vySetieni.
Skiaskopické snimky byly analyzovany pomoci software ImagelJ, mikroCT pomoci software
Bruker CTan. V MCAO modelu jsou pouzité identicky vyrobené AC jenom mensiho kalibru.
Do povodi Willisova okruhu jsou aplikovany 3 AC 2 mm vyrobené v PE10 hediccea 1 3 mm
v PE50. Trombolyzu Ize sledovat stejn¢ jako v SE modelu skiaskopicky ¢i na mikroCT. Po
trombolyze je subjekt monitorovan pomoci termokamery a pokud dojde k tthynu pied ¢asovym
oknem 24 h post MCAO je tento Casovy udaj soucasti hodnoceni bezpecnosti. Mozky jsou
exvivo impregnovany jodem a néasledné zobrazeny pomoci mikroCT s moznosti kvantifikovat
objemy nekrézy a krvaceni.

Vysledky: Model SE je bezpecny a v ptipade uspésné aplikace AC ma nulovou mortalitu. Pfi
pouziti mikroCT je pocet hodnocenych AC stejny nebo vyssi nez aplikovany (mozZnost
fragmentace AC pfi aplikaci). U skiagrafie byl pocet analyzovanych AC 309, primérny pocet
métenych AC 2,15+0,74.

Limitem skiagrafie je 1/ 2D obraz (mé&feny stin je ovlivnén projekénim uhlem) a 2/ relativnim
limitem je pocet zobrazenych AC niz§i nez pocet aplikovanych AC, 3/ nizsi kvalita zobrazeni
AC v mozkovych cévach. Limitem mikroCT je 1/ pohybova neostrost v ptfipadé¢ AC
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Vv mezenterickych tepnach, 2/ relativné mala skenovana ¢ast zvitete, pi1 které lze ne vzdy
sledovat vSechny 3 aplikované srazeniny v abdominalni oblasti.

Vyhodou skiaskopie je ,real-time* obraz, moznost provadét katetrizacni zdkroky vcetné
angiografie, velice nizka radiacni zatéz. Vyhodou mikroCT je vysoka pfesnost v méfeni zmén
objemu srazeniny ve 3D vizualizaci a excelentni zobrazeni malych AC v mozkovych cévach.
V upraveném MCAO modelu se % zatazenych jedincl z ptivodnich 55 % zvedé na 95 %. Dalsi
data ohledn¢ incidence HT a zatim nejsou kompletné zpracovana a budou prezentovana v piisti
dobé.

Zaver: Pouziti umélych srazenin s kontrastni latkou na bdzi siranu barnatého umoziuje
rentgenologicky kvantifikovat rychlost rozpadu srazeniny a konstruovat lytickou kiivku.
Jednoduchost, opakovatelnost a robustnost modelu umozni porovnani trombolytického u¢inku
novych potencidlnich trombolytik. Modifikace klasického MCAO modelu umoziuje
fundované posouzeni bezpec¢nosti novych trombolytik, jejich kombinace ¢i davkovacich
rezimda.

Vyzkum byl podporen z Evropského fondu pro regionalni rozvoj - projekt INBIO (reg.c.:
CZ.02.1.01/0.0/0.0/16_026/0008451), projektu MSMT OPVVV POl project “FIT”
CZ.02.1.01/0.0/0.0/15_003/0000495 a projekt Ministerstva zdravotnictvi CR s reg. ¢. NU2I-

08-00510. Veskera prava podle predpisii na ochranu dusevniho viastnictvi jsou vyhrazena
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Zmény v elektrické aktivité varianty Y4734C-RYR2 asociované s idiopatickou fibrilaci
komor

0. Svecovil, S. Zelenak? J. Pachernik?, T. Bartad, I. Synkova“, T. Novotny®, M.
Bébaroval®

1Fyziologick)5 ustav, Lekarska fakulta, Masarykova univerzita, Brno, CR; 2 Ustav
experimentdlni biologie, Piirodovédeckd fakulta, Masarykova univerzita, Brno, CR; ® Ustav
histologie a embryologie, Lékaiska fakulta, Masarykova univerzita, Brno, CR; * Centrum
molekuldarni biologie a genetiky, Interni hematologicka a onkologicka klinika, Fakultni
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klinika, Fakultni nemocnice Brno a Lékaiska fakulta, Masarykova univerzita, Brno, CR

K Zivot ohrozujici arytmii charakteru fibrilace komor (VF, z angl. ventricular fibrillation) mize
prekvapivé dojit i u pacienta bez strukturalnich zmén v srdci a bez znamek jakékoliv arytmie
pfi klinickém vySetieni (magneticka rezonance, echokardiografie, elektrokardiografie v klidu i
po zatézi). Takovyto stav vede k diagnoze tzv. idiopatické VF a k velké nejistoté stran mozného
opakovani ataky VF v budoucnosti. Témto pacientim je v ramci sekundarni prevence VF
implantovan defibrilator. Jak se ukazuje, podkladem idiopatické VF mohou minimalné u
nékterych pacientti byt genetické varianty v srde¢nich iontovych kanalech. Otdzkou zGstava,
jak tyto varianty vedou k VF, kdyz neni patrny jejich vliv na srde¢ni elektrofyziologii pfi
standardnim klinickém vySetfeni pacienta. Jediné feSeni je dukladna funkcni analyza
nalezenych variant. V ramci této studie byla pro funk¢ni analyzu vybrana varianta v genu RYR2,
p.Y4734C-RYR2. Obdobné varianty vedou obvykle K projevim tzv. katecholaminergni
polymorfni komorové tachykardie (CPVT, z angl. catecholaminergic polymorphic ventricular
tachycardia), ktera se projevuje arytmii pti fyzické zatézi. Tato diagnoza vSak byla u pacienta
klinickym vySetfenim vyloucena. Probandovi byla odebrana krev a pomoci iPSC technologie a
nasledné¢ bunécné diferenciace byly pfipraveny pacient-specifické kardiomyocyty nesouci
variantu Y4734C-RYR2. K zaznamenavani elektrické aktivity spontanné bijicich pacient-
specifickych kardiomyocytd byla vyuzita technika multielectrode array pii 37°C. Méfeni
probé&hlo na tfech riznych klonech pacient-specifickych kardiomyocytt (tj. Y4734C-RYR2
kardiomyocytd; n = 3-5) a na jednom klonu zdravych neptibuznych kontrolnich
kardiomyocytech (tj. WT-RYR2 kardiomyocytt; n = 8), a to jak v kontrolnim roztoku (Tyroduv
roztok), tak po aplikaci 1 pM roztoku isoprenalinu s cilem navodit B-adrenergni stimulaci
obdobnou jako pii fyzické zatéZi. Ze ziskanych pilotnich dat byly prozatim stanoveny pouze
frekvence spontannich elektrickych vyboji (resp. tzv. pseudo-RR intervaly) jednotlivych
skupin testovanych kardiomyocytl. Pfi srovnani frekvence vybojii mezi testovanymi klony
Y4734C-RYR2 kardiomyocyth a WT-RYR2 kardiomyocyty byla patrna tendence Y4734C-
RYR2 kardiomyocytii k nesignifikantné vyS$im frekvencim vyboji. Po aplikaci 1 pM
isoprenalinu doslo u vSech testovanych bunék k nesignifikantnimu nartstu frekvence vybojii.
Analyza variability pseudo-RR intervalii pomoci Poincaré plotu poukazuje na vétsi variabilitu
tohoto parametru v piitomnosti 1 uM isoprenalinu u klonu pacient-specifickych Y4734C-
RYR2 kardiomyocytid. Vzhledem k nizkym poctim doposud naméfenych dat nelze prozatim
provést ze ziskanych dat jednoznacny zavér. Kromeé dométeni relevantniho vzorku dat u vSech
skupin kardiomyocytt bude dale probihat i analyza tzv. FDP (z angl. field potential duration,
analogie intervalu QT) a rovnéz hodnoceni -elektrické aktivity pacient-specifickych
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kardiomyocytli za potenciadlné proarytmogennich podminek (napf. zvySena teplota, hypo-
a/nebo hyperkalémie, hyperkalcémie, hypomagnesémie).

Podporeno z projektu ¢. NU22-02-00348 poskytnutého Ministerstvem zdravotnictvi CR a z projektu ¢.
MUNI/A/1133/2021 specifického vysokoSkolského vyzkumu, ktery poskytlo Ministerstvo skolstvi,
mladeze a telovychovy CR.
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RyR-RyR coupling strength: calcium release site geometry vs. RyR gating
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Ryanodine receptors (RyRs) of cardiac myocytes cluster together at the sarcoplasmic
reticulum membrane of dyadic junctions. RyR clusters operate as elementary calcium-releasing
units — the calcium release sites (CRSs). At the commencement of systole, RyR clusters are
activated by calcium ions incoming via the voltage-activated L-type calcium channels of the
plasmalemma, and thus represent the core element of cardiac excitation-contraction coupling.
The structural and functional characteristics of CRSs are affected by a variety of cardiac
diseases. At diastole, the cytosolic [Ca?'] is very low and the frequency of RyR openings is
extremely low. In many cardiac diseases, the RyR function is impaired and relates to excessive
calcium leak from the sarcoplasmic reticulum. In some cases, RyR dysfunction was attributed
to changes in the regulation of RyR gating by Mg?*. Some cardiac diseases affect the calcium
content of the SR, and a diminished luminal calcium concentration causes a decrease in the
calcium gradient across the SR membrane and thus reduces the calcium release flux at CRSs.

To elucidate the effects of changes in CRS structure, RyR gating, and RyR calcium
current on activation of calcium release events (CREs) in diastole, difficult to study
experimentally in situ, we developed a mathematical model of calcium release sites of various
RyR density [1] and a mathematical model of RyR gating (the MWC-Ca/Mg model) that
incorporated interaction between the binding of Ca?* or Mg?* to the RyR activation site
allosterically coupled to channel opening, as well as RyR closing by Mg?* by binding to the
RyR inhibition site [2]. The CRS models reflected the observed range of RyR distances and
positions in clusters. The model of RyR gating was in good agreement with the observed
dependence of RyR open probability, mean open time, and the rate of RyR activation on Ca?*
and Mg?* concentrations.

The MWC-Ca/Mg RyR model was inserted into the model of the CRS, and the
dependence of simulated CREs on the strength and kinetics of Mg?* binding to RyRs, distances
between RyRs, and the RyR calcium current amplitude were analysed. In simulated records of
diastolic CRS activity, we have observed three types of calcium release events. Namely:
calcium quarks, in which only a single RyR opens and does not activate neighbouring RyRs;
calcium blips, in which a small fraction of RyRs is activated for a brief period; and calcium
sparks, which lead to the opening of more than half of the RyR channels in the CRS and which
would be observable by fluorescent Ca?* dyes in confocal microscopy experiments. The relative
occurrence of quarks, blips, and sparks followed a single dependence on the effective coupling
strength, a parameter that jointly characterized RyR arrangement, Ca?* flux, and RyR gating.
The characteristics of CREs reacted sensitively and specifically to changes in any of the studied
CRS parameters. Thus, placement of RyRs in the dyad, gating of RyR channels, and RyR
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calcium current amplitude, which are dynamically affected by ligands, post-translational
changes (e.g., phosphorylation) and pathologies (e.g., heart failure, RyR mutations) jointly
determine the occurrence and amplitude of calcium release events and thus the extent of
diastolic calcium leak.

Supported by grants SAV-TUBITAK JRP/2019/836/RyRinHeart, VEGA 2/0182/21, and projects IMTS:
313011V344 and IMTS: 313021BZC9, co-financed by the European Regional Development Fund.
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Eternally mysterious CPVT - unexpected functions of RyR
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Catecholaminergic polymorphic ventricular tachycardia (CPVT) is a hereditary disease
that presents as a life-threatening arrhythmia at a young age. Its typical feature is the absence
of evident cardiac remodelling or baseline ECG changes and is generally caused by point
mutations in genes regulating cardiomyocyte contraction by the release of calcium ions from
the sarcoplasmic reticulum (SR). The most common form of CPVT is caused by mutations in
the ryanodine receptor (RyR2). In this work, | analysed our recently published results [1] that
uncovered a novel and unexpected property of RyR2.

The CPVT-associated R420Q mutation was of our interest for its location in the N-
terminal domain (NTD) responsible for the tetramerization of RyR2 monomers, RyR-RyR
interaction, and stabilization of the RyR2 central core domain (CCD). We have studied the
effects of R420Q mutation in the murine knock-in (KI) model. The validity of the model was
confirmed by the bidirectional ventricular tachycardia response to isoproterenol injection or
emotional stress.

Our experiments in isolated field-stimulated ventricular cardiomyocytes from KI mice
and their wildtype littermates (WT) have shown that both the systolic and the diastolic activity
of RyR receptors are changed in Kl versus WT cardiomyocytes, without any alterations in the
calcium reuptake. The effect of cytosolic Ca?* concentration on calcium release was not
significantly different in WT and KI in permeabilized ventricular cardiomyocytes as well as in
the heavy fraction of isolated membrane vesicles. Concurrent measurement of Ca®*
concentration in cytosol and SR lumen revealed activation of spontaneous Ca?* waves at lower
SR calcium filling, suggesting increased sensitivity of RyR activation on luminal Ca?* in
RyR2R420Q compared to RyR2"mice.

Since this result was unexpected, we decided to explore other functions of the R420Q
mutation. The rate of tetramerization of RyR N-terminal domains (NTD) was not different
between WT and R420Q, but super-resolution imaging of immunolabeled RyRs in ventricular
myocytes suggested differences in RyR2 clustering in dyadic structures. Electron microscopy
revealed a smaller area of communication between the tubular and SR membranes and a lower
number of RyR2 channels in the dyadic cleft, as well as an apparent swelling of the SR
cisternae. Subsequent experiments did not confirm that this effect could explain the increased
RyR2 basal activity and arrhythmogenic behaviour in KI myocytes. The co-
immunoprecipitation analysis of RyR2 interaction with dyadic proteins revealed that, while the
interaction of RyR2 with its regulators calsequestrin, triadin, and calmodulin, remained
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unchanged in RyR2R420Q there was a significant decrease in the interaction between RyR2 and
junctophilin, the structural dyadic protein.

The pivotal experiment that could explain the arrhythmogenic properties of the
RyRR#20Q mutation was the co-expression of the RyR2 NTD with the RyR2 central domain
(CD, residues 3529-4967). This revealed an increased interaction of CD with NTD-R420Q in
comparison to NTD-WT.

In conclusion, these experiments revealed that the R420Q mutation stabilizes the open
conformation of RyR2 channel, but importantly, it also reduces the structural integrity of dyads
with possible consequences in other physiological as well as pathological processes.

Supported by grants SAV-TUBITAK JRP/2019/836/RyRinHeart and projects IMTS: 313011V344 and
IMTS: 313021BZC9, co-financed by the European Regional Development Fund.
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