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Abstract. This study specified the role of several key calcium-operating ion channels in contraction/
relaxation of human detrusor muscle as possible target for overactive bladder (OAB) treatment.
Detrusor samples, obtained from 18 males (average age 61.5 + 5.9 years), were investigated by organ
tissue bath method with following agents: diltiazem for L-type voltage-gated calcium channels;
3-fluropyridine-4-carboxylic acid (FPCA) for Orai-STIM channels; SKF 96365-hydrochloride for
transient receptor potential (TRP) channels, T-type channels and Orai-STIM channels; 2- ami-
noethoxydiphenyl borate (2-APB) for inositol-triphosphate receptors (IP3Rs) and Orai-STIM chan-
nels. Oxybutynin and mirabegron were tested under the same conditions as controls. Mirabegron,
2-APB and FPCA exhibited the best suppressive effect on carbachol-induced detrusor contractility.
As expressed by area under the contractile curve (AUCC), 2-APB, FPCA and mirabegron have
similar AUCC: 1.79, 1.73, 1.73. The highest AUCC was 3.64 for diltiazem+SKE, followed by 3.21
for diltiazem, 3.16 for SKF and 2.94 for oxybutynin. The lowest median amplitude and contrac-
tion variability is for 2- APB followed by mirabegron and FPCA. There were significant differences
between: 2-APB/FPCA vs.: ditiazem, diltiazem+SKF and SKF. Summary of results suggested the
principal role of IP3Rs, Orai-STIM coupling and large-conductance calcium-activated potassium
channels in detrusor contraction and pointed on Orai-STIM channels as possible targets for OAB
pharmacotherapy.
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Introduction

The relaxation of detrusor is mediated by tonic release of
norepinephrine, which activates beta adrenergic recep-
tors (B3-ARs in human detrusor) and by intrinsic urinary
bladder smooth muscle (UBSM) properties. The contrac-
tion is achieved by acetylcholine that activates UBSM
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muscarinic receptors (mainly M3). Disturbances in these
functions may result in lower urinary tract symptoms,
such as urgency, frequency, and urge incontinence, the
components of the overactive bladder syndrome (OAB)
(Andersson 2015).

At the cellular level, delicate balance of mechanisms
maintaining cytoplasmic calcium (Ca?") levels is critical to
normal detrusor function. Increases of intracellular Ca®*
resulting in contraction occur primarily due to extracellular
Ca®" entry through plasmalemmal ion channels or release
of Ca®" from the endoplasmic/sarcoplasmic reticulum (ER/
SR) (Fig. 1). The propagation of UBSM action potential result
from Ca®* entry through L-type voltage-gated ion channels
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Figure 1. Proposed regulation of Ca®" homeostasis in urinary bladder smooth muscle (UBSM) cells. Muscarinic agonists bind to Mj

receptors, triggering the formation of diacylglycerol (DAG) and

inositol 1,4,5-trisphosphate (IP3). IP5 activates IP3 receptor (IP3R)-

mediated Ca®* release. Subsequent depletion of Ca®* from the sarcoplasmic reticulum (SR) in turn activates store-operated channels
(transient receptor potential (TRPC) channels and Orai-STIM channels)-mediated Ca?* entry. f3-AR agonists stimulate adenylyl cyclase
to increase cCAMP. In turn, cAMP activates PKA to mediate their biological effects, mainly inhibition of intracellular Ca** via activa-
tion of large conductance Ca?* activated potassium channels (BK*Ca). BK*Ca channels are also stimulated by Ca?*-released through
ryanodine receptors (RyRs). L-type of voltage gated ion calcium channels (VGCC) is mediated depolarization and it is believed to be
responsible for calcium-induced currents from SR. T-type VGCC contribute to the generation of spontaneous electrical activity. Arrows
show sites of tested modulators action: -»|(blue), inhibitory and - (red), stimulatory effects. MIR, mirabegron; OXY, oxybutynin; 2APB,
2- aminoethoxydiphenyl borate; FPCA, 3-fluropyridine-4-carboxylic acid; SKE, SKF 96365 hydrochloride; DIL, diltiazem. ¥ 2APB at ¢ =
1-10 puM inhibits IP3Rs; while it’s ¢ = 0.1-1 mM blocks Orai -STIM. % SKF at ¢ =1-10 uM inhibits T-type VGCC; from ¢ = 10 pM blocks
also TRPC, K" sp and BK*Ca channels, and prevents STIM1-Orail coupling.

(VGCC) (Parajuli et al. 2016). The recent studies docu-
mented that M3 receptor-mediated detrusor contractions
also require Ca®" influx via L-type VGCC (Hedge 2006).
Ca?" influx through T-and L-type VGCC also determined
the contractile status of UBSM, and, furthermore, T-type
channel activity is important to maintain membrane po-
tentials near the resting level (Sui et al. 2007). Nonselective
cation channels such as transient receptor potential (TRP)
channels significantly contribute on extracellular Ca>* entry
pathways in UBSM cells.

Although a number of intracellular organelles take up
and release Ca®*, ER/SR represents the largest pool of releas-
able Ca®* in smooth muscle cells. In response to a variety
of stimuli Ca*-release channels in the SR, namely ryano-
dine receptors (RyRs) and inositol-trisphosphate receptors
(IP3Rs), mediate efflux of Ca** from the SR into the cyto-
plasm of the cell (Hill-Eubanks et al. 2011).

UBSM hyperactivity, such as OAB, can be success-
fully treated with muscarinic receptor antagonists (e.g.
oxybutynin, tolterodine, fesoterodine or trospium) and
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beta adrenergic receptor agonists (e.g. mirabegron). In
addition to Ca?* homeostasis, administration of both phar-
macological groups influence transport of Ca?* through
plasma membrane or its release from SR. Mirabegron,
B3-ARs agonist, represents a novel treatment strategy for
overactive bladder. The canonical signaling pathway of
B3-ARs is stimulation of adenylyl cyclase to form cyclic
adenosine 3’5’-monophosphate (cAMP), resulting in
activation of protein kinase A (PKA) which can suppress
calcium-calmodulin-dependent myosin/actin interac-
tion upon phosphorylation of myosin light chain kinase
(Cernecka et al. 2015). Despite this, compelling evidence
suggests that f3-ARs can also stimulate large-conductance
calcium-activated potassium (BK*Ca) channels, e.g. in
rodent (Hristov et al. 2008) and human bladder (Afeli et
al. 2013) and this way indirectly inhibit L-type VGCC. On
the other hand, the antimuscarinic agents inhibit processes
triggered by activation of M3 receptors, especially empty-
ing of Ca®* from SR through the activation of IP3Rs. There
is also the strong evidence that BK*Ca channel activity is
inhibited upon M3 receptors activation and this mechanism
contributes on suppressed UBSM contraction on adminis-
tered antimuscarinics (Parajuli et al. 2016). Unlike IP3Rs,
spontaneous RyRs-mediated Ca" release plays a negative
role in UBSM activity by the activation of BK*Ca channels
(Herrera and Nelson 2002).

However, recent possibilities of OAB pharmacotherapy
have still several limitations. The patients may have a sub-
optimal response or antimuscarinic therapy is limited by
associated compelling diagnosis or adverse events, e.g. dry
mouth as the most common and altered cardiovascular
and central nervous functions as the most severe adverse
effects. According clinical trials, mirabegron was effective
and well tolerated in patients with OAB (Khullar et al. 2013).
However, preclinical safety data showed that mirabegron
caused hepatotoxic, cardiovascular and CNS toxic adverse
findings and thus drug is not suitable for all patients (An-
dersson 2015).

Extracellular Ca®" influx in response to depletion of
intracellular Ca®* stores, a process termed store-operated
Ca?" entry (SOCE), is known to play an important role in
a number of cell types. The ubiquitously expressed STIM
proteins serve as SR Ca?* sensors and members of the Orai
family (Feske et al. 2016) of transmembrane proteins as the
entities responsible for mediating Ca>* entry. In response to
a decrease in SR Ca®* concentrations, STIM proteins aggre-
gate to form discrete plasmalemmal-proximate clusters that
tether and activate Orai proteins, thereby promoting extra-
cellular Ca®* entry. Outstanding morphological studies have
shown that STIM and Orai family members are expressed in
smooth muscle, and under the conditions tested, are capable
of functionally coupling store depletion to extracellular Ca®*
entry (Hill-Eubanks et al. 2011).

The knowledge related to function of Orai-STIM-medi-
ated Ca?" entry is still limited. Orai-STIM pathway role was
examined in rat model of OAB (Zhao et al. 2014), but not in
human UBSM. The interpretation of data obtained in animal
models may be complicated due to considerable species
differences between human and animal detrusor regarding
the relative contributions of Ca?* influx (Wuest et al. 2007).
Therefore, the aim of our in vitro experimental study was to
specify role of Orai-STIM-mediated SOCE and other Ca**-
regulating ion channels in contraction/relaxation of human
UBSM. These results may enlarge knowledge and identify
possible target for future treatment of OAB symptoms in
patients that are not able to tolerate or do not response to
classic drugs targeting muscarinic or adrenergic receptors.

Material and Methods

Tissue samples

All processes were approved by the Institutional Ethics
Committee of the Jessenius Faculty of Medicine, registered
by the Institutional Review Board/Institutional Ethics Board
Office (IRB 00005636), in accordance with Slovakian and
European legislation (decision No. EK 1880/2016). Total 18
male patients (average age 61.5 + 5.9 years) with localized
prostate cancer (CT2NOMO), without OAB symptoms, were
involved in current study. The following were exclusion
criteria: severe systemic chronic disorders (rheumatologic,
endocrine or cardiovascular), drugs influencing ion chan-
nels activity administered systemically (e.g. antiepileptics,
antihypertensives or vasodilators), neurogenic bladder and/
or inflammation of lower and upper urinary tract before
operation. Patient recruitment was conducted by the provi-
sion of information sheets and written informed consent
was obtained. Samples (20 x 15 x 10 mm) of UBSM were
obtained from macroscopic healthy tissue at ventral bladder
wall immediately after open radical retropubic prostatectomy
at the Urologic Clinic, Jessenius Medical Faculty and Martin
University Hospital by the cold knife technique. After remov-
ing, UBSM specimen was immersed into Krebs-Henseleit’s
buffer of the following composition (nM): NaCl, 112.9; KCI,
4.7; CaCly, 2.8, MgSQy, 0.5; NaHCO3, 24.9; and glucose, 11.1.

Chemicals

Oxybutynin, dimethyl sulfoxide (DMSO) and diltiazem
hydrochloride were obtained from Sigma-Aldrich (Lambda
life, Slovakia). 2APB, 3-fluoropyride-4-carboxylic acid and
SKF96365 were purchased from Tocris Bioscience (USA)
and mirabegron was purchased from Astellas Pharma Inc.
(Japan). All chemicals were dissolved in aqua pro injection
except from 2APB, which was soluble in 10% DMSO.
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Isolated bladder smooth muscle contractile response under
in vitro conditions

From one tissue sample originated from particular patient
were prepared 7 isolated UBSM strips. The contractility of
these isolated UBSM samples was investigated by an organ
tissue bath method that was well-described previously
(Franova et al. 2009). Briefly, isolated UBSM strips (ap-
proximate size of each one 15 x 5 x 5mm) were immediately
placed into tissue bath chambers filled with Krebs-Henseleit’s
buffer. The chambers were saturated by pneumoxide (95%
0,+5% CO,) ata temperature of 36 + 0.5°C and maintained
at pH7.5 + 0.1. Carbachol at a concentration of 1 M was
used to induce initial contractions of all strips. The involve-
ment of individual Ca®*-regulating ion channels in the am-
plitude of UBSM contractions was tested using their blockers
at four different concentrations (1 pM, 10 pM, 100 uM and
1 mM) in Multi-Chamber Tissue Bath Systems (Experime-
tria-ISO-09-TSZ8) equipped with ISO-SYS software. For
comparative purposes, positive control drugs — oxybutynin
and mirabegron were tested under the same conditions and
at the same concentrations.

The following agents were used to influence Ca®*-regulat-
ingion channels activity: i. 3-fluropyridine-4-carboxylic acid
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Figure 2. Normalized median of amplitude of contraction, ex-
pressed as % of an initial tension induced by carbachol (c = 1 uM)
measured as a response on administration of increased tested
agents concentrations. The left bottom corner contains legend to
figure with calculated area under the contractile curve for each
followed agent.

(FPCA), blocker of Orail-STIMI1- coupling; ii. Diltiazem
(DIL), L-type VGCC channel blocker; iii. SKF 96365 hy-
drochloride (SKF), blocker of SOCE and K* channels; iv.
2- aminoethoxydiphenyl borate (2APB), IP3Rs, Orai and
STIM1 antagonist; v. Diltiazem + SKF 96365 hydrochloride
(DIL+SKF).

Statistical analysis

Statistical analysis was performed in R (R Core Team 2015)
using libraries WRS2 (Mair et al. 2016) and car (Fox and
Weisberg 2011). Normality of the data was assessed by
quantile-quantile plots with bootstrap confidence intervals.
Since the normalized amplitudes of contraction were not
found Gaussian, the robust ANOVA was used for evalua-
tion. Post-hoc confidence intervals were adjusted to control
the family-wise error rate. Results with p-value below
0.05 were considered statistically significant. For each chemi-
cal, the median normalized amplitudes of contraction was
computed, and expressed as percentage of the median for
carbachol. For resulting contractile curves the Area Under
the Contractile Curve (AUCC) was computed by Simpson’s
rule using the library Bolstad2 (Curran and Bolstad 2013).

Results

The lower ability in suppression of carbachol-induced UBSM
amplitude of contraction was evidenced on increasing doses
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Figure 3. The boxplot of amplitude of contraction (mN) computed
for all used concentration of tested chemicals. Boxplot exhibits the
first and third quartiles as the bottom and top of the box. The band
inside the box is the median of a data, whiskers indicating variability
outside the upper and lower quartiles. Outliers may be plotted as indi-
vidual points. For abbreviations explanation, see also legend to Fig. 1.
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of SKE, DIL, SKF+DIL and also positive control drug oxybu-
tynin. In addition, mirabegron, 2APB and FPCA exhibited
better suppressive effect on isolated UBSM contractility
induced by muscarinic receptors stimulation. As expressed
by AUCC, the highest AUCC was 3.64 for DIL+SKE, followed
by 3.21 for DIL, 3.16 for SKF and 2.94 for oxybutynin. The
other group comprised 2APB, FPCA, mirabegron, which
have similar AUCC: 1.79, 1.73, 1.73; respectively (Fig. 2).

Boxplot of the normalized amplitudes of contraction (in
mN) for all considered chemicals is exhibited at Fig. 3. For
a chemical, the boxplot exhibits the first and third quartiles as
the bottom and top of the box. The band inside the box is the
median of a data. The lowest median amplitude of contrac-
tion is in 2APB followed by mirabegron and DIL; the highest
median is for SKF and SKF+DIL. Whiskers are those used
in the Tukey boxplot. The data points above and below the
whiskers can be considered outliers. The lowest variability
in the amplitude of contraction can be observed for 2APB,
mirabegron and FPCA; the highest for DIL (Fig. 3).

The robust ANOVA test rejected the equality of medians
hypothesis (p = 0.0017). p-value and the 95% confidence

interval for post-hoc tests are in Table 1. Judging by the non-
adjusted p-values, there were statistically significant differ-
ences in the group medians of the normalized amplitudes of
contraction between: 2APB and DIL; 2APB and DIL+SKF;
2APB and SKF; DIL and FPCA; FPCA and DIL+SKF; FPCA
and SKE

The FEW-adjusted 95% confidence interval permits
making additional conclusions. The median normalized
amplitude of contraction in 2APB is significantly lower than
the median normalized amplitude of contraction of SKE
Similarly, the median normalized amplitude of contraction
in FPCA is significantly lower than the median normalized
amplitude of contraction of SKF (Table 1).

Discussion

In this study our attention was concerned on the Ca®* ion
channels that are believed as the most important in contrac-
tile activity of UBSM: VGCC (L-type and T-type), IP3 Rsand
SOCE (TRPC superfamily and Orai-STIM channels). The in-

Table 1. p-value (calculated using robust ANOVA) and the 95% confidence interval (CI) for post-hoc test evaluated by comparison of

individual compounds

Concentration of compounds

gfo Cr(r)’g“;(‘)s;? & 1 mM 100 uM 10 uM 1 uM
lower CI upperCI ~ p lower CI upperCI ~ p lower CI upperCI  p lower CI upperCI  p

2APB vs. OXY -2.73 0.98 0.09 -2.68 0.86 0.07 -2.68 0.82 0.06 -2.66 072 0.05*
2APB vs. DIL -1.70 0.42 0.04* -1.68 0.31 0.02* -1.68 0.18 0.01* -1.77 0.07  0.005*
2APB vs. FPCA -0.44 0.43 0.99 -0.70 0.57 0.71 -0.77 0.63 0.73 -0.85 0.73 0.78
2APB vs. MIR -1.15 0.46 0.13 -1.20 0.35 0.06 -1.31 0.31 0.04* -1.41 0.26  0.02%
2APBvs. SKF+DIL  -2.42 0.47  0.02* -2.72 0.48 0.02* -2.81 0.33 0.01* -2.96 0.40  0.01*
2APB vs. SKF -2.42 -0.13  0.002* -3.21 -0.22  0.008* -3.49 0.33 0.01* -3.66 0.38  0.01*
OXY vs. DIL -1.67 2.14 0.65 -1.59 2.04 0.65 -1.60 1.96 0.71 -1.60 1.84 0.80
OXY vs. FPCA -0.97 2.74 0.09 -0.93 2.61 0.09 -0.89 2.62 0.08 -0.79 2.61 0.06
OXY vs. MIR -1.33 2.39 0.29 -1.30 2.26 0.32 -1.33 2.19 0.37 -1.30 2.11 0.39
OXY vs. SKF+DIL ~ -2.18 1.92 0.86 -2.68 1.51 0.33 -2.31 1.94 0.59 -2.33 1.71 0.59
OXY vs. SKF -2.32 1.52 0.45 -0.41 1.64 0.04* -2.85 1.55 0.31 -2.92 1.58 0.30
DIL vs. FPCA -0.42 1.70  0.04* -0.82 1.33 0.40 -0.30 1.67 0.03* 0.24 1.83  0.01*
DIL vs. MIR -0.85 1.44 0.36 -2.68 0.86 0.07 -0.79 1.29 0.40 -0.77 1.34 0.35
DIL vs. SKF+DIL  -1.88 1.21 0.45 -1.68 0.31 0.02* -2.10 1.12 0.28 -2.14 1.29 0.37
DIL vs. SKF -1.97 0.69 0.11 -2.09 1.22 0.35 -2.76 1.10 0.13 -2.82 1.24 0.16
FPCA vs. MIR -1.14 0.45 0.12 -2.57 0.95 0.11 -1.32 0.46 0.11 -1.48 0.46 0.08
FPCAvs.SKF+DIL  -2.42 0.47 0.02* -2.66 0.54 0.03* -2.75 0.41 0.02* -2.91 047  0.02*
FPCA vs. SKF -2.42 -0.13  0.002*  -3.15 0.29  0.009* -3.42 0.40 0.01* -3.61 0.44  0.01%
MIR vs. SKF+DIL  -2.10 0.85 0.14 -2.31 0.92 0.13 -2.33 0.85 0.11 -2.41 0.99 0.14
MIR vs. SKF -2.15 0.28 0.01* -2.79 0.66 0.04* -2.99 0.83 0.05* -3.09 0.95 0.07
SKF+DIL vs. SKF  -1.89 1.28 0.5 -2.37 1.6 0.51 -2.45 1.77 0.57 -2.61 1.88 0.57

Statistically significant data are marked by *. 2APB, 2-aminoethoxydiphenyl borate; OXY, oxybutynin; DIL, diltiazem; FPCA, 3-fluro-
pyridine-4-carboxylic acid; MIR, mirabegron; SKE, SKF 96365-hydrochloride.
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dividual ion channels activity was modulated by DIL, FPCA,
SKF and 2APB and organ tissue bath method was selected for
evaluation. UBSM strips have been employed over the years
by many groups to answer a number of scientific questions,
including examination of the effects of drugs that modulate
smooth muscle tone with the aim of discovering ion channels
and/or receptors and/or intracellular pathways that could be
targeted to induce either relaxation or contraction (Kullmann
etal. 2014). This relatively simple in vitro method was used to
discover and test compounds currently used for OAB man-
agement (Svale etal. 2013). Asitis distinct from clinical trials,
Mj; antimuscarinics and agonists of B3-ARs possess relatively
reliable effect; however, such treatment has several significant
limitation; e.g. antimuscarinic side effects or cardiotoxicity
and CNS toxicity resulting from adrenergic stimulation.
Oxybutynin and mirabegron were selected as positive control
drugs in this study. We confirmed that antimuscarinic drug
oxybutynin and f3AR agonist mirabegron effectively and
dose-dependently decreased amplitude of carbachol-induced
contraction in isolated UBSM. Our results did not evidence
any significant differences in the effectiveness between both
agents. According to molecular mechanisms involved in
oxybutynin and mirabegron mechanism of action, it is dis-
tinct that UBSM contractile activity is significantly regulated
especially by Ca?* and K* ion channels.

DIL is a non-dihydropyridine L-type VGCC blocker
used in the treatment of hypertension, angina pectoris, and
some types of cardiac arrhythmia. FPCA dose-dependently
inhibits Orail-STIMI1 coupling (Whitten et al. 2011). SKF
is an imidazole compound 1-[B- [3-(4-methoxyphenyl)
propoxy]-4-methoxyphenethyl] -1H-imidazole hydrochlo-
ride. SKF effect rests with used concentration: atc=1-10 uM
this agent inhibits T-type VGCC, from ¢ = 10 uM blocks also
TRPC (Singh et al. 2010), K* orp and BK*Ca channels; and
prevents Orail-STIM1 coupling in dose-dependent manner
(Tanahashi etal. 2016). 2APB was originally described as an
IP3 Rs antagonist and was later shown to inhibit SOCE and
Icrac dose-dependently, independently of IP; Rs inhibi-
tion. 2APB effect is related to concentration. 2APB at low
concentrations (¢ =1 pM and 10 uM) inhibits IP3 Rs, while
it’s higher concentrations (c = 100 uM and 1 mM) are able to
block Orai and STIMI structure (Orail>>STIM1>>Orai2,
Orai3) (DeHaven et al. 2008).

The lower (1 uM and 10 pM) and higher (100 uM and
1 mM) used concentrations of tested agents allowed to mutu-
ally compare the involvement of the different Ca?* sources
in human isolated carbachol-induced UBSM contraction
(for further explanation see Fig. 1).

At lower used concentrations of tested modulators, the
results confirmed the most significant relaxing effect of
2APB, FPCA and mirabegron. This indicated essential role
of Ca®* released from internal sources upon IP5 Rs activation
and Ca**-induced Ca®" release in human UBSM contrac-

tion. The release of Ca**-mediated by IP3 Rs activation is
generally accepted as a principal mechanism in M3 recep-
tors mediated detrusor activity. Furthermore, it was showed
that 2APB possessed significantly better suppressive effect
than antimuscarinic drug oxybutynin, despite that both in
essence inhibited the same target — release of Ca* through
IP;Rs. As it was recently reported that muscarinic receptor
induced contractions of the detrusor (and also effect of oxy-
butynin) is mediated not only by IP3Rs but partially also by
TRPC4P channels (Griffin et al. 2016). The suppression of
carbachol-induced UBSM contraction similar to 2APB was
observed on mirabegron. Cernecka et al. (2015) reported
similar data and confirmed a significant contribution of
BK"Ca channels in f3AR-mediated human UBSM relaxation
after precontraction with carbachol. Thus, in human UBSM
cells BK*Ca channel outward currents have been shown to
be a major determinant of repolarization following action
potentials (Bentzen et al. 2014). The lower importance of
Ca®* transported though TRPC and VGCC (both T-type and
L-type) than release of Ca** from ER in carbachol-induced
contraction of isolated human UBSM was clear from signifi-
cant differences between SKF and 2APB, DIL and 2APB or
SKF+DIL and 2APB effects. This corresponded with Wuest
etal. (2007) revealed that block of L-type VGCC with nifedi-
pine impaired carbachol-induced contractions markedly less
in human than in animal detrusor. Howbeit the role of ER
Ca?* stores and SOCE in various smooth muscle types was
noticeably studied within previous two decades suggested
significant involvement of Orai-STIM pathway and TRPC
in control of smooth muscle contractile activity (Wang et
al. 2008); only Zhao et al. (2014) experimental study in rats
confirmed the role of SOCE in UBSM. Our study, for the first
time, pointed on this mechanism as an important regulator
of UBSM contractility. At higher used concentrations of
tested agents, FPCA relaxing effect was comparable to 2APB
and mirabegron and both Orai-STIM pathway inhibitors
possessed significantly higher suppressive activity than SKE.
As it was reported only recently, SKF in such concentrations
inhibited not only Orai-STIM coupling but also BK*Ca and
K* a7p channels (Tanahashi et al. 2016).

Several studies investigated UBSM contractility con-
firmed changes in contractile response of subjects with
bladder outflow obstruction and in effect of UBSM relax-
ing drugs (Svale et al. 2013; Zhao et al. 2014) and proposed
alteration in ion channels expression/activity as the main
reason of this finding. Aydin et al. (2012) demonstrated an
approximate 5-fold decrease in bladder myocytes BK'Ca
activity that may enhance basal and nerve-mediated UBSM
contractility, leading to bladder overactivity and urinary
incontinence (Meredith et al. 2004). In addition, Ca®*
ions that activate BK*Ca channels are released from RyRs,
which expression decreased in detrusor instability (Jiang
et al. 2005). The balance between T-type and L-type Ca**
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currents is altered in myocytes from overactive human blad-
ders, with the T-type component proportionately increased
and slightly significantly decreased L-type current (Sui et al.
2007). This contributed on increased incidence of intracel-
lular Ca®* transients and spontaneous action potentials in
cells from OAB. Zhao et al. (2014) revealed significant vari-
ations in muscle contraction when compared effect of SOCE
activator and inhibitor (SKF 96365) in healthy rats and the
animals with experimentally-induced detrusor overactiv-
ity, suggested changes in expression of Orai-STIM pathway
components. All pathological changes in OAB related to ion
channels activity/expression can possibly alter the response
on classic treatment. We consider that targeting of Orai or
STIM by tissue-selective inhibitors would produce detrusor-
specific effects on Ca®" dynamics. Nevertheless, there is
still much to be learned about the interactions among and
influence of the many components that regulate intracellular
Ca?" in UBSM and further research in this area is warranted.

In conclusion, the present results confirmed, for the first
time, that SOCE involving Orai-STIM pathway plays an
important role in human isolated UBSM contractile activ-
ity. Inhibition of Orai-STIM channels would prevent Ca**
overload state that would lead to overstimulation of RyRs
and IP3Rs from their luminal sides and thus the enhanced
spontaneous activity, as it has been reported for cardiac
muscle (Stultzmann and Mattson 2011). In this study the
inhibition of Orai-STIM pathway produced suppressive
effect on USBM carbachol-induced contraction similar to
effect seen on inhibition of IP3Rs by 2APB or activation of
83 - cAMP - BK*Ca pathway by mirabegron. Orai-STIM
channels may represent novel therapeutic targets for OAB
pharmacotherapy. Future studies focused on their role in
patients with OAB are warranted. The potential clinical ap-
plication of Orai-STIM modulation for OAB therapy should
be further validated in clinical trials.
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