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Abstract

Under pathological conditions the shortening of tipper (dome) and lower (base) parts of the uribdagder are
different. Namely, the contraction of the base iklen than that of the dome. To understand howedéffit parts of
the urinary bladder could respond differently t@ tbame stimulation, the cellular mechanisms thaghtnbe
responsible for cholinergic effects blocking nomeatkrgic non-cholinergic contractions in the rahary bladder
were investigated. Rat urinary bladder smooth neusmlls were thus freshly isolated or cultured ahd
contribution from cholinergic and purinergic patlysao their C& homeostasis together with the expression of
nicotinic (hAChR) and purinergic receptors was eixad. The ATP-evoked Gatransients in rat smooth muscle
cells did not show any desensitization. HoweverernvATP was administered together with carbamylcigo{iCCh),
the latter essentially prevented ATP from evokirgd*@ransients in smooth muscle cells from the baspp®ssion
to 12+2.5% of control, n=57; p<0.01), but not frohe dome (99+5% of control, n=52; p>0.05) of thewanary
bladder. While atropine was unable to modify (6x8%control, n=14; p<0.05)g-bungarotoxin (118+12% of
control, n=20; p>0.05) blocked the inhibitory etfeof CCh. Additionally,a7 subunits of NnAChR were identified
using immunocytochemistry, immunohistochemistryd &estern blot in cultured urinary bladder smoothsole
cells, in urinary bladder sections, and in urinalgdder muscle strips, respectively, suggestingttieactivation of

nAChR modifies the action of ATP.
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Short title

Cholinergic-purinergic receptor interaction in béidder smooth muscle



I ntroduction

The function of the urinary bladder is to relax astdre urine during filling, and contract to empke
bladder during micturition. These roles are achietrerough complex interactions between the autonomervous
system and the urinary bladder, primarily the sthauuscle cells. Urinary bladder smooth muscle inltachts is
well innervated (Gabella, 1999). The bundles ofvadibres branch repeatedly in urinary bladder stmgouscle
and eventually become single fibres containingogamities. The varicosities contain neurotransnsfténcluding
acetylcholine (ACh) and adenosine triphosphate (AGbella, 1995).

During electrical stimulation of the parasympathierves ACh and ATP are co-released from the nerve
terminals to stimulate the muscarinic and purirergceptors of the smooth muscle cells, respegtield to elicit
bladder contraction (Dowdalkt al. 1974; Kasakov and Burnstock, 1982; Theobald andGdeat, 1989).
Acetylcholine is a ubiquitous transmitter, while RTplays an additional role in many species, incigdiats
(Calvert et al. 2001; Somogyiet al. 2002; Szigetiet al. 2005). Acetylcholine acts via jreceptor activation,
generation of intracellular inositol-1,4,5-trisppbste (IR) and C4' release from intracellular storeBhere is also
evidence that muscarinic activation leads td#*Qaflux (Schneider et al., 2004). Conversely, ATids to
ionotropic P2X receptors, depolarizing the cell rhemme and instigating &ainflux through voltage-activated
(mainly L-type) C&" channels (Andersson and Arner, 2004). Thé* Qaflux could initiate C&™-induced C&
release from intracellular stores and lead to eatite protein activation. Thus, modulation of agellular calcium
concentration ([C4];) remains a common pathway to regulate detrusaractiity, with additional modulation via
alterations to the Gasensitivity of contractile proteins (Andersson @der, 2004; Arnegt al. 2007).

Transient increases in [€3 in smooth muscle have been recorded followingaittevation of purinergic
receptors. In urinary bladder smooth muscle, thizattn of purinergic receptors may induce exditgtjunctional
potentials and G4 transients (Bramich and Brading, 1996; Hashitardl. 2000). Field stimulation of the smooth
muscle evoked local, transient®Caelease events. These events were mediated bgypagtic smooth muscle P2X
receptors activated by ATP released from synapitcusities (Brairet al. 2002, 2003). Pharmacological studies
also confirmed that junctional €aransients were mediated through the activatiopubinergic receptors (Lamont

and Wier, 2002; Lamordt al. 2003).



Ligand-gated receptors may interact and regulateather both at the neuronal and the end-orgarisleve
and modulate their responses to external stimuiafSand Silinsky, 1998). G-protein coupled meteatyut
receptors commonly "cross-talk" through intracelfudecond messenger molecules and protein phosationy(de
Blasi et al., 2001; Moldrich and Beart, 2003). Rebe ionotropic receptors have also been showinteract
directly with one another in ganglia. Co-activatioihthe nicotinic and the P2Xurinergic receptors inhibited the
functions of both ion-channel receptors througledimprotein-protein interaction on the neuronal og¢mbrane
(Nakazawa, 1994; Searl et al., 1998; Zhou and @zalli 1998; Barajas-Lopez et al., 1998; Khakh et24l00,
2005). Negative interactions between the nicotamid 5-HT receptors (Barajas-Lopez et al., 2002; Boue-Grabot
al., 2003) and between the GABANd P2X purinergic receptors (Sokolova et al.,120tave also been described
when the two ionotropic receptors were co-activaedeurons. However, similar interaction betwe@otinic and
purinergic receptors at the bladder smooth musslel lhas not been described on cellular but sugdest tissue
level (Laiet al. 2008).

Here we investigated the cholinergic and purineagistribution to the Ca homeostasis of smooth muscle
cells isolated from young adult rat urinary bladdeBiven the potential role for nicotinic acetylthe receptors
(nAChRs) in the neural control of bladder functitime currenstudy was aimed to determine whether nAChRs are
also expresseid the smooth muscle cells and whether activatibthese receptorsan alter the function of these
cells.We present evidence for the existence and deteritdriecation dependence of the interaction betwien
purinergic and cholinergic signaling in smooth meseells of the urinary bladder. Certain aspectthete results

were presented at the Annual Conference of thegeam Muscle Society (Jenesal. 2006; Szigetet al, 2007).



Materials and M ethods

All experiments were performed in accordance witmghrian guidelines and were in compliance with the
“European Convention for the Protection of Vertébr@nimals used for Experimental and other Scientif

Purposes” (Council of Europe No 123, Strasbourg).98

Smooth muscle cdll culture fromrat urinary bladder

Young adult Wistar rats (male and female, 8-12kseald) were terminally anaesthetized by isoflufane
bladders were removed, opened and cut into a bras@ a@ome part. The pieces were placed into Hastistion
and the urothelial layer was peeled off. Each simontiscle piece was placed into 5 ml 0.75 mg mlypsin
(Sigma-Aldrich, Heidelberg, Germany)-0.4 mg ml-1 ED (Sigma-Aldrich, Heidelberg, Germany) solutiomda
incubated in a shaking bath for 30 minutes at 37After transferring into RPMI 1640 (Roswell ParkeMorial
Institute) solution containing 0.75 mg ml-1 collagse (Sigma-Aldrich, Heidelberg, Germany) the simaotiscle
was cut into small pieces and incubated in shakatf for further 45 minutes at 37 °C. After incubat2 ml fetal
bovine serum (FBS) was added, cells were centrifiagelt 000 RPM for 10 minutes, then the superfusaitéaining
collagenase was removed. Cells were resuspend8dnih RPMI solution containing 10% FBS and centrédg
again at 1000 RPM for 10 minutes (twice). After last cleaning process 3 ml RPMI solution contain®% FBS
was added for 3 plates (diameter 3 cm) having tefiisuspension each. This medium was renewed eemgnd
day until the cells reached a confluence of 60-704#that point, the FBS content of the RPMI mediwas
reduced to 1% for 2-3 more days to facilitate myedifferentiation. Experiments were carried outser-days-old
cultures.

The smooth muscle cells in the cultures were maggically distinct from the interstitial cells anbeir

identity were confirmed with immunocytochemistryngsprimary antibodies against alpha smooth muactis.

Freshly isolated smooth muscle cells fromrat urinary bladder
Same method was used as for the cell culturethauisolated cells were tested right after thegdhttd to
the coverslips. All of these experiments were earnut within 20 hours after removing the urinaigdder from the

rats.



Fluorescent measurement of [Ca?];

Changes in the concentration of fJawere detected using the fluorescent dye Fusa-Plescribed in our
previous reports (Bir@&t al., 1998; Csernoclet al., 2000). To introduce the calcium-sensitive prob® the
intracellular space cells were incubated for 90 atif7 °C with 15 uM Fura-2 AM (Molecular Probesigéne, OR,
USA). Coverslips were then washed with normal HERE®de’'s solution (in mM: 137 NaCl, 5.4 KCl, 0.5g@l,,

1.8 CaCj, 11.8 HEPES-NaOH, 1 g I-1 glucose, pH 7.4) and tbdlution also provided the extracellular
environment for the cells throughout the entire soe@ament. The coverslips with the Fura-2 loadels egtre then
placed on the stage of an inverted fluorescenceostope (Diaphot, Nikon, Japan). The measuring bah
constantly perfused with normal HEPES Tyrode’s sotuat a 2 ml min-1 rate (Econo Pump, Bio-Rad Haryg
Budapest, Hungary). Test solutions were directlgliag to the cells through a local perfusion capill (Perfusion
Pencil™, AutoMate Scientific, San Francisco, CA, USA) with internal diameter of 250m at a 1.5 s-1 rate,
using a local perfusion system (Valve BAA& version 2.0, AutoMate Scientific, San Francis€#, USA).
Experiments were performed at room temperature2@%:). Excitation wavelength was altered betweed &4d
380 nm by a dual-wavelength monochromator and afinenconnected microcomputer (Deltascan, Photon
Technology International, New Brunswick, NJ, USAhile the emission was monitored at 510 nm using a
photomultiplier at an acquisition rate of 10 Hz patio. Background fluorescence was measured hfreel regions

of the coverslip and subtracted automatically.

[C&’"]; levels were calculated according to the methodGoynkiewicz et al. (1985) from the ratio
(R=F34dF3g0) of the fluorescence intensities measured withtatton wavelengths 340 nnfr{,) and 380 nmHKsg()

as previously described (Bigbal., 1998; Csernockt al., 2000) usingn vivo calibration data.

Immunocytochemistry

Smooth muscle cells from urinary bladders wereucall on sterile plates. The 5-7 days old cells were
fixed in acetone for 5 min and then permeabilizgdd% Triton-X-100 (Sigma-Aldrich, Heidelberg, Gaany) in
a phosphate buffered saline (PBS, 0.02 M prR®j, 0.1 M NaCl) for 10 min. After washing with PBSlstion and
blocking with 1% bovine serum albumin (BSA, Sigmhtich, Heidelberg, Germany) in PBS for 30 min,Igel

were incubated with anti-nAChR primary antibodies (Santa Cruz Biotechnology,t&&@ruz, CA, USA) or anti-



P2X%, receptor primary antibodies (Santa Cruz Biotecbgyl Santa Cruz, CA, USA) overnight at 4 °C (diuti
1:50, 1:200, 1:500). Plates were washed three tim&8S then incubated with fluoresceine isothioata (FITC)
conjugated secondary antibodies (Vector Laborapmarliingame, CA, USA) for 45 min (dilution 1:200)he
nuclei of cells were visualised using 4',6-diamad+phenylindole (DAPI). Cells were examined onamfocal

microscope (Zeiss LSM 510 META, Zeiss, Oberkocl@ermany).

I mmunohistochemistry
The tissue specimens were immediately fixed in 4#%ebed formaldehyde (24 h), embedded in paraffin

wax, and 4um thick sections were cut. The endogenous perogidasvity was blocked with 3% @, in methanol
(10 min, room temperature). Non-specific bindingsvggievented by incubating the sections with BSAe Tiksue
sections were then incubated overnight at 4 °C \aithi-nAChRy7-specific primary antibodies (dilution 1:200,
Santa Cruz Biotechnology). After incubation, th&ced were rinsed three times with PBS for 5 minufdse
sections were incubated in biotinylated anti-gaatomdary antibodies (raised in rabbit) for 30 nfirlQ0, Dako,
Glostrup, Denmark), then rinsed with PBS and intedbavith horseradish peroxidase-conjugated stregitay30
min; 1:500; room temperature). In these instandssalisation of the immunolabelling was also achitwsing
3,3’-diaminobenzidine (DAB). At the end of the pedltire slight counterstaining was performed usingdtexylin.
Control experiments were regularly performed. lasth cases, the sections were incubated overnighowtithe

primary antibody.

Western blot

To determine the expression of nAGIYRsubunits in different parts of the young adultiladderWestern blot
technique was applied. Tissues were homogeitizedmogenization buffer [20 mM Tris-Cl, pH 7.4p8V EGTA,
1 mM 4-(2-aminoethyl)benzenesulfonyl fluoride, 2@ leupeptin, all from Sigma] and the protein contd
samples was measured by a modified bicinchoninict @CA) protein assay (Pierdg@pckford, IL, USA). The
samples were subjected to sodium dodsalfate-polyacrylamide gel electrophoresis (8% gedse loadeavith 20
to 30 pg protein per lane), transferred to nitriotesemembranes (Bio-Rad, Vienna, Austria), and then @adokith
theabove mentioned anti-nAChR antibodies (1:100). A horseradish peroxidasetggatpdabbit anti-goat 1gG

antibody (1:500, Bio-Rad) was usedaasecondary antibody, and the immunoreactive baeds visualizedy



enhanced chemiluminescence (Gel Logic 1500 Ima8isgem, Carestream, Rochester, NY, US¥gstern
blotting experiments were repeated five separatedj and the protein bands were analyzed by Imagéware
provided by the NIH. The densitometric values waesemalized to the values of actin immunoreactitétyorrect

any loading and transfer differences between sanple

Data analysis

Data were analyzed using Microsoft ExtéMicrosoft, Redmond, WA, USA) and Microcal Orifin
(OriginLab, MA, USA) computer softwares. Data angressed as meantSEM. Student’s t-test was used to
compare paired data between the control groupt (A&fBP application) and the other groups (purinergia

cholinergic agonists and antagonists), and 2-tgik@ 05 was taken to indicate statistical signifioa



Results

Effect of repetitive ATP application on the Ca" transients of cultured smooth muscle cells from the urinary bladder

To study the role of the purinergic and cholinergfienulation, first the shape and reproducibilifiytioe
ATP-induced C# transients were determined on cultured rat urirdaglder smooth muscle cells (Fig. 1). ATP
(180 uM) was applied for 40 seconds three times (at tr@d, then three and six minutes later) to actire
receptors and induce €atransients. There were no visible changes in #worsd and third G4 transients as
compared to the first one (Fig. 1A). To quantifyaossible changes that might have occurred, siegp@nential
functions were fitted to the declining phase of tlaécium transients and their time constaftwas determined. In
addition, the peak of the first time derivativetbé signal was used to assess its maximal rats@f{Pooled data
from 7 independent experiments (7 cells from 7 atéinconfirmed that the amplitude (Fig. 1B), th@g-ig. 1C) and
the maximal rate-of-rise (Fig. 1D) of the second ahnird transients were not significantly differesitistically

(p>0.05) from those of the first transient.

Interaction between purinergic and cholinergic pathways at the level of the Ca®* transients on freshly isolated and
cultured smooth muscle cells

To understand the possible cross-reactivity betw&enpurinergic and cholinergic signaling pathways,
cultured and freshly isolated smooth muscle cetisafadult rat urinary bladders were stimulated®y agonists of
the two pathways (Fig. 2). While ATP was essentiallvays (more than 90% of the cells) capable dfaiting a
calcium transient, the parasympathetic agonistbaraylcholine (carbachol; CCh) and nicotine (niculdonot
induce elevations in [G§; in rat smooth muscle cells, either cultured (n91@%reshly isolated (n=5).

However, when ATP was administered together witluIOCCh, CCh prevented ATP from evokinga
transients in the rat smooth muscle cell from theebof the urinary bladder (Fig. 2B, 2C). All tdust 57 cultured
(Fig. 2B) and 3 freshly isolated (Fig. 2C) cellarfr the base of the urinary bladder prepared fromai@ 3,
respectively animals were tested. While CCh deemase amplitude of the ATP-evoked %aransients by
88+2.5% (p<0.01), this cross-inhibition was notgae when ATP was applied together withhM nicotine (Fig.

2). The effect of nicotine was tested on 20 cdliamed from 6 animals. On the other hand, neitdagbachol nor
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nicotine inhibited the effect of ATP in the cellsthe dome of the urinary bladder (52 cells pregdrem 16 rats,

Fig. 2A).

Pharmacological characterization of the cross-inhibition

To establish the cholinergic receptor subtype resitde for the observed cross-inhibition in thdsef the
base of the urinary bladders, muscarinic and matntagonists were applied (Fig. 3). The mus@anieceptor
blocker atropine (1iM; Fig. 3A, 3B) was unable to modify the purinergitolinergic interactions (24 cells from 4
animals). That is, on the one hand, when the drgsbition was present for ATP and CCh — on cettsnf the
base —, the co-application of atropine with ATP &1dh could not prevent the purinergic-cholinergibibition
(Fig. 3A, 4). On the other hand, when there wasnteraction between the purinergic and cholinegathways
without atropine — on cells from the dome —, thewes no interaction between them in the presencatropine
either (Fig. 3B, 4).

In contrast, the presence oef-bungarotoxin —a specific competitive antagonist tbe nicotinic
acetylcholine receptor (nAChR) — prevented carblftoon interfering with the ATP-evoked calcium teents
(Fig. 3C, 3D, 4). In 20 cells from 3 animals iselhtfrom the base of urinary bladders CCh was unablgock the
effect of ATP wheno-bungarotoxin (500 nM) was present in the bathiredimm (Fig. 3C, 4). Nevertheless;
bungarotoxin did not interfere with the ATP-evolk&dnals since the simultaneous presence of CChhantbxin
did not modify the calcium transients in the cea#islated from the dome (Fig. 4D). The pooled ddtay.(4)
confirmed that while the effect efbungarotoxin was statistically significant (p<0.06 cells from the base, the
toxin did not modify significantly (p>0.05) the afiges in [C&T; in cells from the dome.

To narrow the possible receptor candidates forpiimnergic pathway different purinergic agonistsreve
also tested. From the P2X receptor agonists neitfiemethylene-ATP (1@M; cultures from 6 animals, data from
25 cells, 13 cells from the base and 12 cells fthm dome), nor 2-methyl-tio-ATP (18@M; cultures from 3
animals, data from 7 cells, 4 cells from the basé a cells from the dome) induced any elevatiofGa?";
(Fig. 5A). In this respect, there were no significaifferences between the cells isolated from lthee and the
dome. In addition, the P2Y receptor agonist UTPO(iB1; cultures from 5 animals, data from 29 cells, @ls
from the base and 9 cells from the dome) couldimdiice C&" transients in cultured smooth muscle cells of the

urinary bladder (Fig. 5B). Again, there were nonsfigant differences, in this respect, between ¢bls from the
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base and the dome. In addition, the L-type calattiennel blocker nifedipine (M) significantly — to 38+15% of
the response measured in the absence of nifed{pix@05; 9 cells from 2 animals) — reduced the Afdiced
cd" transients (data not shown). Noteworthy, that @@ls still able to further reduce the effect of AifPthe

presence of nifedipine (to 0%; 2 cells from 1 ad)ma

Immunostaining of the nicotinic receptors and P2X, receptors in smooth muscle cell cultures and urinary bladder
tissue sections

CCh can serve as an agonist for theas, a4, 07, andag NAChR subunits and, furthermore, it has a higher
affinity than nicotine does towards tlg, a;, andag subunits (Alexandeet al. 2008). This, together with the
effects seen witlm-bungarotoxin (see above) led us to suspect thavament of thex; subunit of NAChR in the
cross-inhibition detail before. To determine thestibution of thea subunit of the nicotinic receptors, cultured
smooth muscle cells from rat urinary bladders (Bify) and bladder tissue sections (Fig. 6B) weredugailtured
smooth muscle cells from the rat urinary bladdethkfrom the base and from the dome, display@cicotinic
receptor positivity, however, it seemed to be matensive for cells from the base than that of ¢k#s from the
dome (Fig. 6A). Theu7 nicotinic receptor immunoreactions in urinary dudar tissue sections showed similar
distribution (Fig. 6B). Western-blot analysis confed the expression of nAChR protein in rat urinary bladder
smooth muscle strips (Fig. 6C). Furthermore, quatiie evaluation of the Western blots (normalizitige
absorbance of the nACliR band to that of the actin band) confirmed thatdkpression of NACh# in the cells
from the base was significantly higher than theregsion in the cells from the dome (Fig. 6D, p<@.05

Based on previous reports (Crestchl., 2010; Duttonet al., 1999; Leeet al., 2000; Studenyt al., 2005)
and the pharmacological profile of the ATP-evokettitim transients presented above, we suspectegréisence
of P2X% receptors in the rat urinary bladder smooth musidiés was indeed confirmed using immunocytochemical
and immunohistochemical surveys (Fig. 7). Distiidautof the P2X receptors appears to be rather cytoplasmic than

membrane, which is in agreement with previous stud).
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Discussion

This report presents evidence of purinergic-clestijic receptor cross-inhibition in non-neural cellis
cross-inhibition between the two signaling pathwags observed in the base, but not in the domkeofdt urinary
bladder.

We demonstrated the contribution of the purinesigmaling pathway to the &ahomeostasis in cultured
rat smooth muscle cells. ATP was able to evok& @ansients in the smooth muscle cells and theseients did
not show any desensitization. When ATP was adnargst together with the parasympathetic agonistacdudl, the
latter prevented ATP from evoking €atransients in the cells from the base of the wyindadder. Sincen-
bungarotoxin but not atropine was able to interfgith this interaction and because certain nicotigiceptors are
also sensitive to CCh, we suspected the presenttee afAChRI7 on our cells. Smooth muscle cells from the rat
urinary bladder — either isolated ior situ — displayedu? nicotinic receptor positivity. Furthermore, cetem the
base of the bladder seemed to have stronger imnosiiyity than the cells from the dome as confirmag

Western blotting.

Cholinergic and purinergic receptor activation in cultured smooth muscle cells fromthe urinary bladder

Our results suggest a unique interaction betweet Rinergic and a putative nicotinic receptor e t
bladder smooth muscle. Earlier measurements gaderee on cholinergic (nicotinic) and purinergiteiraction
between neuronal type nicotinic and B2purinergic receptors in rat sympathetic gangliakKadzawa, 1994),
hippocampal neurons (Khaldhal., 2005), autonomic ganglia (Seatlal., 1998), and myenteric neurons (Barajas-
Lopezet al., 1998; Zhou and Galligan, 1998; Brown and Galligad03). In these systems, co-application of a
nicotinic agonist (nicotine, cystine) and a purgieragonist (ATPa,B-methyleneATP) produced lower additive
response (inward currents, calcium influx) then twhas expected from independent receptor stimuratio

The question then was, whether there are nicotieieptors present on urinary bladder smooth muscle
cells. Traditionally smooth muscle is not considetebe equipped with nicotinic receptors (Jergeh. 2005). It is
important to note that even if nicotinic receptarge present in the bladder smooth muscle, thesitgrt since

nicotinic agonists do not elicit a contraction ama intramural ganglia can be found in rat bladd@dsan and
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Gabella, 1996; Somogyi and de Groat, 1992). Howexgsression of several isoforms of the nicoticaptor has
been demonstrated in vascular smooth muscle (Bréggnet al., 2002). Nicotinic receptors are alsmébin the
urothelium in urinary bladder (Beckel et al. 20@rder and de Groat, 2007). Our study provides evig that
while nicotinic receptors are present on the bladsteooth muscle cells, too, their activation isded not
accompanied by an elevation in intracellulaf’Gancentration. The current study, neverthelessiomstrated that
nicotinic receptors on the smooth muscle may playneportant role in modulating the activity of tperinergic
signal transduction.

Most of the experiments presented in this studyevearried out on cells held in primary culture. Doi¢he
fact that culturing could lead to alterations ineptor expression pattern or in the signaling patsywe carried out
similar experiments on freshly isolated cells, t&nce these cells responded similarly in all aspeavhile
carbachol was unable to generaté’@aansients it interfered with ATP in evoking armriease in [CH]; — we can

conclude that the observations were not exclusigdaby/to culturing.

The possible receptor subtype candidates for the cholinergic-purinergic receptor interaction

Based on our data on the pharmacology of the wribrdder smooth muscle cells we suggest that the
P2X%, receptors have importance in this cholinergicipengic interaction. The P2 receptors displayed njust a
slow and partial desensitization. They were noivatdéd by the application af,3-methylene-ATP, 2-methyl-thio-
ATP (data not shown) and UTP, consistent with theaithat ATP-induced &atransients are generated via
activating P2X receptors in the cultured urinary bladder smootiscte cells. The presence of B2Xéceptors on
these cells has already been described (Gateald 2010; Duttoret al., 1999; Leeset al., 2000; Studengt al., 2005)
and were also detected through immunostainingignstiudy.

In our experiments the muscarinic receptor blockigopine did not modify the purinergic-cholinergic
interactions. When we found cross-inhibition applyiATP and CCh together, atropine could not prevbigt
interaction, in addition, when such interaction wed observed, atropine did not invoke such intésaceither.
These data suggest that muscarinic acethylchokeeptors do not have any role in the purinergidichogic
receptor cross-inhibition. On the other hand, thesence ofi-bungarotoxin prevented CCh from interfering with
the purinergic signaling pathway on cells from th&se but had no effect on cells from the dome. eSinc

bungarotoxin is considered as a specific antagémisiAChR, especially for the7 subunit (Couturieet al., 1990;
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Kempsill et al., 1999), we must assume a role of the nicotiniceptars instead. Our immunocyto- and
immunohistochemistry, as well as Western-blot datafirmed the presence of nACbR positive smooth muscle
cells in cultures and in urinary bladder tissuesrfrrat. It should be noted, however, that the misicaagonist
carbachol had modulatory effect on the nicotiniethglcholine receptors, while nicotine itself didtraffect the
inhibitory function of these receptors. Neverths|emur results are in agreement with the finditggd,, as, 04, a7,
andag NAChRs can be activated by carbachol (Alexaratiet. 2008), moreover, the affinity of the, a;, andag

subunits to carbachol is higher than that to nioti

The functional relevance of the nicotinic-purinergic cross-inhibition in urinary bladder

Another observation in our study is that there difference in the receptor cross-inhibition betweke
base and the dome of the urinary bladder. Namledyctoss-inhibition is important in the base butindhe dome.
In human urinary bladders, impaired contractiothef base might indicate outlet obstruction (Hiratehal., 2006).
Although there are considerable species differemeeabe regulation of urinary bladder contractidhe results
presented here raise the interesting possibildy tis difference in receptor cross-inhibition htigontribute to the

relatively milder contraction of the base as coreddo the dome in this pathological condition.
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Legendstofigures

Fig. 1

Representative cal cium transients evoked by repetitive application of ATP (180 xM) on cultured smooth muscle cells
fromrat urinary bladder. (A) ATP-evoked C#' transients in urinary bladder smooth muscle céiisC, D) Pooled
data from 7 similar experiments (7 cells from 7feli€nt animals) where the parameters (amplitude {iB)e
constant<) of decay (C) and maximum rate of rise (D)) of tand & ATP-evoked transients were normalized to
that of the first response in the given cell. Nof¢he differences proved statistically significgpt0.3, p>0.5 (B);

p>0.1, p>0.1 (C); p>0.5, p>0.3 (D)).

Fig. 2

Representative calcium transients evoked by cholinergic and purinergic agonists in cultured and freshly isolated
smooth muscle cells from adult rat urinary bladder.

The application of both ATP, carbachol(CCh)+ATP aizbtine(nic)+ATP resulted in a €aransient in rat smooth
muscle cell from the dome (A) of the urinary bladdaTP 180uM, CCh 10uM, nic 5 uM, c=16, n=52). In
contrast, while carbachol prevented, nicotine ditlinterfere with the ATP-evoked €aransients in culture(B)

or freshly isolatedC) rat smooth muscle cells from the base of tleany bladder (carbachol: c=18, n=57, nicotine:
c=6, n=20 in cultures, carbachol: c=3, n=3 fresklylated). Here, and in subsequent figures, “c’resents the
number of cultures, while “n” represents the numtifecells we obtained the results from. Markersvglioe onset

of the 40s-long drug application.

Fig. 3

Pharmacological characterization of the cross-inhibition.

The muscarinic acetylcholine receptor blocker atregA: smooth muscle cell from the base, B: smaoottscle cell
from the dome of the bladder;1iM) was unable to modify the purinergic-cholinergiteractions. The nicotinic
acetylcholine receptor blockerbungarotoxin did not interfere with the ATP-evoksignals in the cells isolated
from the dome (D, 500 nM), but it prevented carlohdlom inhibiting the ATP-evoked calcium transignh the

cells isolated from the base (C, 500 nM).
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Fig. 4

Involvement of nicotinic signalling in the cross-inhibition.

The pooled data confirmed that the acetylcholimepéor agonist carbachol reduced the ATP-evokéd @msients

in culturedrat smooth muscle cells from the base of the wyifdadder (c=18, n=57, p<0.01). The acetylcholine
receptor blocker atropine was unable to modifyghanergic-cholinergic interactions (c=2, n=14, p3%), but the
nicotinic acetylcholine receptor blockerbungarotoxin prevented carbachol from inhibitifge tATP-evoked
calcium transients in the cells isolated from thedé(c=3, n=20, p>0.05). Carbachol did not interfeith the ATP-
evoked signals in the cells isolated from the d¢oxd.6, n=52, p>0.05), and it was not influencecliljer atropine
(c=2, n=10, p>0.05) os-bungarotoxin (c=1, n=3, p>0.05) indicate significant difference d<0.01,”p<0.05)

between control (ATP response) and test groups.

Fig.5

Pharmacological characterization of the purinergic pathway.

Neither a,B-methylene-ATP (abm)(A; 1@M, n=6, c=25), nor UTP (B; 18@M, n=5, ¢=29) application could
induce C&' transients in cultured smooth muscle cells ofutieary bladder. Cells were obtained from the tmse

from the dome of the urinary bladders.

Fig. 6

The immunostaining of NAChRa7 subunitsin rat urinary bladder.

Results were obtained from cultured cells fromurabary bladders (A), tissue sections (B) and masttips (C).
The left column of panel A presents cultured ckbsn the base while the right column of panel Aserts cultured
cells from the dome of the urinary bladder. Greelorcshows smooth muscle cells stained with FIT@jegated
secondary antibody. Blue color shows the nucleihef cells stained with DAPI. Inserts in the rigidesof each
image show negative controls. The brownish colokBPin the panel B presents cells which express&@GhRa7.

Left column of panel B shows section from the bagght column shows section from the dome of thedder.



23

Inserts in the corners show negative controls. éSbal represents 28m (A) or 250um (B). The Western-blot
confirmed nAChRi7 protein expression in rat urinary bladder smoothscle (C), densitometry indicated a
statistically more pronounced expression in theptsn in the dome (D, p<0.05). The data aregatfdhe signal

at 56 kDa (nAChR7 protein) over the actin signal.

Fig. 7

P2X, receptors on urinary bladder smooth muscle cell cultures.

Cultured cells from the base of the urinary bladaterpresented on the left side, cultured cellsftoe dome are on
the right. Primary antibody against P2X¢ceptors (1:200), secondary antibody conjugatéu RTC, nuclei stained

with DAPI. Scale bar indicates 25 pum, inserts sinegative controls.



