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1. XapakTepucTrKa MEXaHOUYTJIMBUX iOHHMX KaHAJIiB B IJ1aJleHbKOM 'SI30BUX KJIITUHAX JIETPYy30pa CEY0BOr0 Mixypa
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2. Properties of mechanosensitive ion channels in the smooth muscle cells of the rat urinary bladder detrusor

Pedepar:

1. Y nuceprauiiiniii po60Ti HaBelleHi HOBi pe3yJIbTaTy L0I0 MEXaHOUYYTINBOCTI I71a€HbKOM I30BOTO Iapy
(metpysopa) ceuoBoro Mixypa (CM) Ta BHecky ioHHux KaHaiiB TREK-1, Piezol Ta TRPV4 y 3aranbHy
MEXaHOUYTJIUBICTb Y IJ1afieHbKoM s130Bii KitiTuHi (TMK). Lli kaHany noxopasTs i3 pisHUX POAMH, IPOTE, MAIOTh
CITiJIbHY YYTJIUBICTb 10 MEXaHIYHOI CTUMYJIALL], IK TO TUCK, IIOTIK PifHU 200 PO3TATHEHHS, 10 € TUTIOBUMU
noapasHeHHsamu a1t CM. ['onoBHuMU MexaHopenentopamu CM € adepeHTHI HelfpOHU Ta BUCTUJIAI0YNI
BHYTPILIHIO IOPOKHUHY YpoTeianbHui map. OgHak i caMm IeTpy3op, Ta, BiaacHe, MK Takok MaloTb CaMOCTIVHY
MEXaHOUYTJIMBICTb, X04a POOIT 010 LIbOr0o He 6arato. Ij1s NOoCIiIpKeHHSI MEXaHOYYTIMBOCTI i30JIbOBaHMX MiOLIUTIB
HaMmu OyJla CKOHCTPYOBaHA YCTAaHOBKA /111 CTBOPEHHS MipOAMHaMiuYHOI CTUMYJISILIT KJIITUHHOI MEMOpPaHU By3bKUM

IIOTOKOM PO34MHY. Y 11ii1 pobOoTi 6yJ10 Bepile BCTAHOBJIEHO iCHYBaHHS Tpbox nomnysaunin 'MK 3a uyTnusicTio 1o



MexaHiuHOi cTuMyJaLii: nepma (55%) enekTpodisiosoriyHo HedyTaArnBa 4O MEXaHIYHOTO CTUMYITY, Ipyra (26%)
re’Hepye BXigHuit cTpym i3 Ca2+/Na+-nipoBifHocTAMHU, TpeTs (19%) Mae uile BUXiTHNUI MeXaHOAaKTUBOBAaHUN CTPYM
i3 K+-nposigHicTio. Metogamu I1JIP Ta iMyHOLMTOXiMisl BCTAHOBUJIY, 110 B IETPY30Pi EKCIIPECYIOTHCS 3
MEXaHOYYyTIMBi KaHasnu, a came TREK-1, TRPV4 Tta Piezol. Mu nnpoBesnu €éKCIIEPUMEHTH 3 NIPUKJIaAAHHAM L-
MmeTioHiHy (iHribitopom TREK-1), yum 3a6s0KyBann 90% MexaHOAKTHBOBAHOTO BUXiZHOTO CTpyMy. Lle JoBOnuUTE, 0
aktuBHicTb 3 3-i rpynu 'MK 6y7na cnpuurHeHna came aktvBHicTio TREK-1, sxuit € equHuM QyHKIiOHATIBHO
[I0Ka3aHUM Y JliTepaTtypi mexaHopeuentopom y 'MK perpysopa. Kpim nporo, gocuigKyodu 3 Ipupony
HeCeJIEKTUBHOTO MEXaHOUyTJIMBOro KaHaiy 3 2-i rpynu 'MK Hamu 6yJ10 BUSIBJIEHO, 1[0 MeXaHiyHa cTumyssiyis TMK
IeTpy30pa reHepye 30iyblIeHHs BHYTPILIHbOKIITUHHOI KOHIeHTpalii ionis Ca2+ ([Ca2+]i). [Toganbuii jocmimKeHHs
I'MK neTpy3opa rnokasanu, 10 36inpimeHHs [Ca2+]i He MoXe 6yTH NOB'I3aHUM 3 akTUBHicTIO TRPV4. Takuit
BUCHOBOK 0yB c()OpMOBaHMIi Ha OCHOBI HewyTIMBOCTI 'MK 10 cenexktuBHOro akrusatopa TRPV4 — GSK1016790A,
II0Ka3aHOi MeToJaMu Bisyanisalii KanblieBux curHanis Ca2+-uytinBum 6apBHuUKOM Fluo-4 Ta patch clamp. Kpim
1IbOT0, HaMU 0yJI0 BIEpIle HaBelleHo Jokasu (PpyHKLioHanbHOI npucyTHocTi Piezol B 'MK nmetpysopa. Yodal
(cenextuHuii arotict Piezol) B 'MK gerpysopa Ta B HelipoHax KT BUKIuKana KaHOH{uYHM Piezol-
onocepenkosaHnii Ca2+-curnasn. OfHaK, min 4ac enekTpodizionoriyHmx ekcrnepuMeHTis Yodal iHribyBano BuXifHi
CTPYMH, 3aMiCTh aKTHBallii BUCOKOIIPOBIIHUX BXiTHUX CTPYMiB, XapakTepHux 14 Piezol. HacTynHi nociigKeHHs
nokazasny, o edexr i Yodal nepekpuascs I1i6eHKIaMil-iHAyKOBaHUM 6J10KyBaHHSIM ATP-4yTiMBOro KajieBoro
kanainy (KATP). Lie Bkasye Ha Te, mo Piezol Mmoxxe OyTU NOB's13aHUI i3 peryJsiiieto BinkpuToro crany KATP,

iHribyroun foro akTUBHICTb yepe3 Mobinidauito Ca2+ Ta NOB'I3aHe 3 HUM MOJAJIbIlIe HENPSIME CUTHAIIOBAHHS.

2. Thesis presents new results about the mechanosensitivity of the smooth muscle layer (detrusor) of the urinary
bladder and the contribution of TREK-1, Piezol, and TRPV4 ion channels to the overall mechanosensitivity in the
smooth muscle cell (SMC). Thesis presents new results about the mechanosensitivity of the smooth muscle layer
(detrusor) of the urinary bladder and the contribution of TREK-1, Piezol, and TRPV4 ion channels to the overall
mechanosensitivity in the smooth muscle cell (SMC). These channels come from different families, but share a
common sensitivity to mechanical stimulation, such as pressure, shear stress, or stretch, which are typical stimuli
for the urinary bladder. The main mechanoreceptors of the urinary bladder are afferent neurons and the urothelial
layer which covers the internal cavity. However, the detrusor, and the SMC itself, also have independent
mechanosensitivity, although there are not many works about this. To study the mechanosensitivity of isolated
myocytes, we designed device for creating hydrodynamic stimulation of the cell membrane with a narrow stream
of solution. This work shows for the first time the existence of three populations of SMC in terms of sensitivity to
mechanical stimulation: the first (55%) is electrophysiologically insensitive to mechanical stimulation, the second
(26%) generates an input current with Ca2+/Na+ conductance, the third (19%) has an output mechanoactivated
current with K+ conductivity. Using PCR and immunocytochemistry methods, we have shown that three
mechanosensitive ion channels, TREK-1, TRPV4, and Piezol are expressed in the detrusor. We performed
experiments with the application of L- methionine (a TREK-1 inhibitor), which blocked 90% of the
mechanoactivated output current. This proves that the activity from the 3rd group of SMC was caused precisely by
the activity of TREK-1, the only mechanoreceptor in detrusor SMC, which was shown by functional methods in the
literature. In addition, while investigating the nature of the non-selective mechanosensitive channel from the 2nd
group of SMC, we found that mechanical stimulation of the detrusor SMC generates an increase in the intracellular
concentration of Ca2+ ions ([Ca2+]i). Further studies of the detrusor SMC showed that the increase in [Ca2+]i could
not be related to TRPV4 activity. This conclusion was formed from the insensitivity of SMC to the selective 5
activator of TRPV4 - GSK1016790A, shown by visualization of calcium signals with the Ca2+-sensitive dye Fluo-4
and patch clamp. In addition, we provided evidence for the functional presence of Piezol in the SMC of detrusor
for the first time. Yodal (selective Piezol agonist) in detrusor SMC and DRG neurons induced a canonical Piezol-
mediated Ca2+ signal. However, in electrophysiological experiments, Yodal inhibited the outward currents, instead
of activating the high-conductance inward currents typical for Piezol. Further studies showed that the Yodal-
derived effect is overlaps with glibenclamide-induced inhibition of the ATP-sensitive potassium channels (KATP).
This indicates that Piezol may be involved in regulation of the open state of KATP, inhibiting its activity through



Ca2+ mobilization and associated downstream signaling.
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