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Abstract

Aims—Botulinum neurotoxin serotype A (BoNT/A) has emerged as an effective treatment of
urinary bladder overactivity. Intravesical lipotoxin (BoNT/A delivery using liposomes), which
may target the urothelium, is effective in blocking acetic acid induced hyperactivity in animals.
The objective of this study was to assess the possible site of toxin action within the urothelium.

Methods—We examined expression of the toxin receptor (SV2) and its cleavage targets
(SNAP-25 and SNAP-23) within urothelium as well as effects of the toxin on mechanically
evoked release of ATP from cultured rat urothelial cells. ATP release was measured using the
luciferin-luciferase assay; we examined expression of SNAP-23 and -25 in urothelial cells and
mucosa of rat and human bladders.

Results—BoNT/A (1.5U; 1-3 hr) blocked hypotonic evoked release of urothelial ATP, without
affecting morphology. The expression of protein targets for BONT/A binding (SV2) was detected
in human and rat bladder mucosa and catalytic action (SNAP-23, -25) in urothelial cells and
mucosa (differed in intensity) fromrat and human bladder. Incubation of cultured (rat) urothelial
cells with BONT/A decreased expression levels of both SNAP-23 (44%) and SNAP-25 (80%).

Conclusions—Our findings reveal that the bladder urothelium expresses the intracellular targets
and the binding protein for cellular uptake of BONT/A; and that the toxin is able to suppress the
levels of these targets as well as hypotonic-evoked ATP release. These data raise the possibility
that intravesical treatment with BoNT/A suppresses bladder reflex and sensory mechanisms by
affecting a number of urothelial functions including release of transmitters.
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INTRODUCTION

The intramural injection of BONT/A into the urinary bladder has proven to be a useful
therapeutic approach for the treatment of various bladder disorders including refractory
idiopathic detrusor overactivity as well as neurogenic detrusor overactivity.12 Following
uptake into nerve terminals BoNT/A is thought to affect bladder function by targeting
intracellular proteins involved in exocytosis and then suppressing the release of transmitters
from intramural nerves.

Though most of the studies on mechanism of action have focused on bladder nerves and
change in neural control of the smooth muscle, other cellular targets may also be involved in
the therapeutic effects of the toxin. Recent evidence has suggested that BONT/A may act in
part by targeting afferent mechanisms.3# This may be due to a direct effect on afferent
nerves or an indirect effect to block release of transmitters from the epithelial cells that line
the bladder wall (i.e., the urathelium). Transmitters released from the urothelium are likely
to alter the activity of underlying bladder afferent nerves or spontaneous activity of smooth
muscle to alter bladder sensations.®

In motor neurons, BONT/A cleaves the SNARE protein, SNAP-25, which plays a role in
release of acetylcholine, thereby suppressing neurotransmission and preventing muscle
contraction. 8 While there is also evidence for an effect on urothelial-release of mediators,1
there are conflicting histological/ anatomical results regarding the expression of protein
targets for this toxin in the urothelium.® The purpose of this study was to assess the effect of
BoNT/A on mechanically evoked ATP release from isolated urothelial cells and to examine
the expression of its binding site (SV2) and SNARE proteins, SNAP-23 and SNAP-25, in
human as well as rodent mucosa.

METHODS

Tissue and Urothelial Cell Preparation

All procedures were conducted in accordance and approval by both Institutional Animal
Care and Use Committee and Institutional Review Board Committee Policies at the
University of Pittsburgh. For immunoblot preparation, urinary bladder urothelium/lamina
propria or “mucosa” (mechanically stripped from the underlying connective and smooth
muscle tissues) from Harlan Sprague Dawley rats, aged 2—4 months, or de-identified
superficial human biopsies from asymptomatic subjects were homogenized in HBSS (5mM
KCI, 0.3mM KHyPQOy4, 138mM NaCl, 4mM NaHCO3, 0.3mM Nay,HPO,, 5.6mM glucose
and 10mM HEPES, pH 7.4 containing complete protease inhibitor cocktail, 1 tablet/10 ml,
Roche, Indianapolis, IN) and phosphatase inhibitor cocktail (Sigma, St. Louis, MO, 1:100).
After centrifugation (13,000g, 15 min), the membrane protein fraction was prepared by
suspending the membrane pellets in lysis buffer containing 0.3M NaCl, 50mM Tris-HCI (pH
7.6) and 0.5% Triton X-100 and the same concentration of protease inhibitor as above. The
suspensions were incubated on ice and centrifuged (13,000g; 15 min at 4°C) and protein
concentrations were determined (Pierce BCA protein assay, Thermo Scientific, Rockford,
IL).
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Rat or human urothelial cell cultures were prepared as previously described.®10 Urinary
bladders were removed and placed in cold MEM (Invitrogen, Carlsbad, CA) with HEPES
(2.5 g/L, Sigma) and penicillin/streptomycin/fungizone (PSF; 1%; Invitrogen). The bladder
was cut open to expose the urothelium, and incubated in dispase (2.0mg/ml, Invitrogen)
overnight at 4°C. Urothelial cells were gently scraped from the underlying tissue, placed in
trypsin (0.25% w/v; 5-15 min, Invitrogen) triturated, suspended in MEM containing 10%
FBS (Invitrogen) and centrifuged (416g; 15min). For human biopsies, cultured cells were
prepared according to previously published methods. 10 In brief, following dissociation in
trypsin and resuspension in MEM (same as above), the supernatant was removed, and cells
(rat or human) were suspended in PCT bladder epithelium medium (CNT-16, CELLnTEC,
Bern, Switzerland). The cells were centrifuged again, resuspended in the same medium,
plated on collagen-coated glass coverslips at 20 x 104 cells/ml and utilized within 18-72 hr
following plating.

The SNAP-25 antibodies were from Covance (Emeryville, CA; SMI-81), Research and
Diagnostic Antibodies (Las Vegas, NV; MC-6050), and Synaptic Systems (Gottingen,
Germany). The rabbit polyclonal antibody to SNAP-23 and immunizing peptides for
SNAP-23 and -25 were from Synaptic Systems. The mouse monoclonal antibody to SV2
(developed by Dr. Kathleen M. Buckley) was obtained from the Developmental Studies
using a Hybridoma Bank under the auspices of the NICHD and maintained by the
University of lowa, lowa City, IA. Secondary goat anti-rabbit HRP and goat anti-mouse
antibodies were from Santa Cruz Biotechnology (Santa Cruz, CA), and Becton Dickinson
(Franklin Lakes, NJ), respectively. Loading control, rabbit anti-p-actin was from Abcam
(Cambridge, MA). Z0-1 antibody was from Invitrogen, DAPI from EMD Millipore
(Billerica, MA), DAPI from Molecular Probes (Eugene, OR) and cytokeratin antibodies
from Dako Cytomation (Carpinteria, CA); fluorochrome-labeled secondary antibodies were
obtained from Abcam.

Reverse Transcription-Polymerase Chain Reaction (RT-PCR)

Total RNA was isolated from intact rat bladder mucosa by homogenization in Trizol
(Invitrogen). RNA purification was performed using Qiagen RNeasy mini Kit including an
on column DNase Digestion step. RNA samples were reverse transcribed (RT) with an oligo
(dT) primer by Superscript 11 (Invitrogen). RT-controls were performed for each sample by
omission of the enzyme. Polymerase chain reaction (PCR) amplification was conducted
using 1.25 units of platinum Taq DNA Polymerase (Life Technologies) using primer pairs
for the following genes: synaptosomal-associated protein 23 (SNAP-23), synaptosomal-
associated protein 25 (SNAP-25) and isoforms of the synaptic vesicle glycoprotein 2 (SV2-
A, SV2-B, and SV2-C).Primer sequence; product size; and gene accession numbers were:

SNAP-23: forward: caccaacaagaatcgcattg; reverse: cccttctcgcacagtctttc; 150 bp;
NM_022689

SNAP-25: forward: caaagatgctgggaagtggt; reverse: gggggtgactgactctgtgt; 181 bp;
NM_030991
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SV2-A: forward: tttgggggagtcagtattgc; reverse: cccacaaaggacgtgaagat; 155 bp;
NM_057210

SV2-B: forward: agctgtatcccaccaaccag; reverse: agagaagcagcagccagaag; 145 bp;
NM_057207

SV2-C: forward: gtacaaggaccgcagagagc; reverse: taacacaaagcccaccacaa; 181 bp;
NM_031593

Amplification products were visualized on a 1.3% agarose gel with ethidium bromide.
Empty RT ~ lanes confirmed purity of the RNA isolation (absence of genomic DNA).

Immunoblot (SNAP-23, SNAP-25, and SV2)

Lysates from each sample were denatured in SDS-PAGE sample buffer (all except SV2
were treated at 100°C for 5 min) and separated on an SDS-PAGE gel using a standard
Western protocol. Proteins were transferred to polyvinylidene fluoride membranes, blocked
with 5% Milk TBS-T (1 hr), rinsed in TBS-T, and incubated (overnight at 4°C) with primary
antibody diluted in 5% Milk TBS-T (SV2 and SNAP-23) or 2% normal goat serum TBS-T
(SNAP-25). The membranes were then incubated with secondary antibody for 1 hr in 5%
Milk TBS-T, developed with ECL Plus (Amersham, Piscataway, NJ) and exposed to film.
The volume of each band was determined using a Personal Densitometer SI (Molecular
Probes, Carlsbad, CA). The membranes were stripped (membrane recycling kit from Alpha
Diagnostic International, San Antonio, TX) and reprobed overnight with rabbit anti-p-actin
as a loading control. Bands for SNAP-23 (23 kDa) and SNAP-25 (75 kDa) were blocked by
incubation with the immunizing peptide (1 mg/ml). A single immunoreactive band was
observed for SV2 (95 kDa) and bactin (43 kDa); a competing peptide was not commercially
available for these antibodies.

Immunohistochemistry/Immunocytochemistry (SNAP-23; SNAP-25; Z0-1)

Excised bladders were embedded in optimum cutting temperature (OCT) compound
(Tissue-Tek OCT, Sakura Finetek, CA), snap frozen and stored at —80°C. Serial
cryosections (6um) were mounted onto microscope slides, post-fixed with 4%
paraformaldehyde and washed in phosphate buffered saline (PBS). Primary cultured
urothelial cells, grown on glass coverslips, were fixed with 2% paraformaldehyde and
washed in PBS. Tissue sections or cells were incubated with permeabilizing/blocking
solution (0.5%Triton X-100 and 10% goat serumin PBS) before incubation (24-48 hr at
4°C) with primary antibodies in blocking solution (10% goat serum in PBS). Cells were
incubated with monoclonal anti-cytokeratin 17 (basal urothelial cell marker; Dako) and
polyclonal anti-zona occludens-1 (Z0O-1; a tight junctional marker; EMD Millipore) at a
1:200 dilution. Tissue sections were incubated with rabbit polyclonal primary (SNAP-23 or
SNAP-25, 1:100, Synaptic Systems) antibodies; control experiments were done using
antibodies blocked by incubation with the immunizing peptide (1mg/ml). Co-localization
studies were also conducted using monoclonal anticytokeratin 17 (1:500). Tissue and cells
were washed with PBS before incubation with the appropriate secondary antibodies. Cells
were incubated (2 hr at room temperature) with fluorophore-tagged secondary antibodies:
Alexa Fluor 488 Donkey Anti-Mouse and (green) and Alexa Fluor 555 Donkey Anti-Mouse
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(red) (1:700; Invitrogen). Tissue sections were incubated with donkey anti-rabbit biotin
(1:1,000, Abcam) for 2 hr, washed, and incubated with Neutravidin FITC (1:1,000, Abcam).
Nuclei were counterstained with DAPI (4/,6-diamidino-2-phenylindole, dilactate; Molecular
Probes, Eugene, OR). Tissue or cells were treated with ProLong Gold antifade reagent
(Invitrogen) and imaged on a BX-62 Olympus upright fluorescent microscope using
Clmaging software (Hamamatsu Photonics, Sewickley, PA). Background
immunofluorescence was assessed in the absence of primary antibodies and secondary only.

ATP Release Assay

ATP release was conducted as per previously published methods.® In brief, a perfusate of
100pl of HBSS (5mM KCl, 0.3mM KH,PO,4, 138mM NaCl, 4mM NaHCO3, 0.3mM
NayHPOy, 5.6mM Glucose, 2mM CaCl,, 1mM MgCl,, and 10mM HEPES, pH 7.4) was
collected every 30 sec. Background release of ATP from the cultures was measured for 15—
20 min prior to the test stimulus (HBSS with 50% reduction of NaCl). ATP measurements
were calculated based on the luciferin-luciferase reaction using a standard curve (Adenosine
Triphosphate Assay Kit, Sigma; Glomax 20/20 Luminometer, Promega). Data were
analyzed by calculating the area under the curve during each portion of the experiment.

Statistical Analysis

RESULTS

Data were graphed in GraphPad Prism 5 and analyzed by a paired Students t-test. Data were
considered significantly different when P<0.05.

Expression of the BoNT/A receptor, SV2, as well as the SNARE proteins, SNAP-23 and
SNAP-25, was detected in urinary bladder mucosa (ex vivo). Using RNA extracted from rat
mucosal tissue and gel electrophoresis, positive bands were obtained for SNAP-23,
SNAP-25, and all three SV2 isoforms (SV2-A, SV2-B, SV2-C) with the S\V2C isoform
exhibiting the greatest expression (Fig. 1A). Protein expression for S\V2, SNAP-23, and
SNAP-25 was also evident in rat mucosa and in human mucosal biopsies taken from
asymptomatic controls. Positive bands for SNAP-23 and SNAP-25 were also observed in
proteins extracted from urothelial cells isolated from rat as well as human urinary bladder
and SV2 in rat mucosa (Fig. 1B). We also have observed a difference in the immunoblot
intensity between mucosal samples and cultured urothelial cells, though the reasoning for
these differences are not known. The protein band for both SNAP-23 and SNAP-25 for
mucosa and cells was completely blocked by incubation of the antibodies with the
immunizing peptide, demonstrating specificity of the antibodies.

Immunocytochemical studies revealed expression of both SNARE proteins within the rat
urothelium. Co-localization experiments for urothelial cytokeratin 17 (basal cells) revealed
that SNAP-25 was observed throughout the urothelium (Fig. 1C) while SNAP-23 was
expressed mainly within the superficial or apical layer (Fig. 1D). Omission of primary
antibodies from the incubation buffer as well as incubation of the antibodies with the
immunizing peptide completely attenuated secondary antibody labeling (data not shown).
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To explore the relative expression levels for both SNAP-23 and SNAP-25 in the mucosa (in
human and rat), we stripped each blot and compared the relative expression patterns
(normalized to B-actin; Fig. 2A). The experiments revealed a distinct difference in
distribution in tissue from rat and human. SNAP-25 was by far the predominant protein in
human tissue (93% of total) but the minor component (40%) in rat tissue. SNAP-23 was
approximately 10-fold higher in rat versus human tissue and SNAP-25 was approximately
2.5-fold higher in human tissue.

We next used cultured urothelial cells from rat urinary bladder to examine the effect of
botulinum toxin A (BoNT/A) on expression levels of SNAP-23 and SNAP-25 proteins as
well as on release of ATP evoked by exposure to hypotonic solution. Incubation with
BoNT/A (1.5 U/ml; for 1-3 hr) decreased the expression of both SNAP-23 (44% decrease as
compared with control) and SNAP-25 (80% decrease as compared with control) (Fig. 2B).

Cultured urothelial cells released a low level of ATP in the absence of stimulation and
exposure to hypotonic solution elicited a large increase in ATP (10.4£2.6 nM; Fig. 2C).
Incubation with BoNT/A (1.5 U; for 1-3 hr) completely blocked the hypotonic-evoked ATP
release (Fig. 2C). Depletion of ATP stores by BoNT/A is unlikely to be the cause of the
suppression of ATP release because mechanical disruption (lysis) of the cells at the end of
the experiment resulted in ATP release which was not significantly different in treated and
untreated cells (data not shown). Incubation of urothelial cells with the toxin for 24 hr did
not result in any visible changes in cell morphology such as cell blebbing or loss of tight
junction proteins (Fig. 2D).

DISCUSSION

By blocking release of multiple transmitters and/or reducing receptor expression (i.e.,
muscarinic, P2x3, TRPV1, EP4),11-12 hotulinum toxin A (BoNT/A) has the potential for
relieving symptoms of overactive bladder as well as the hyperalgesia associated with other
lower urinary tract disorders.12-15 Though bladder afferent and efferent nerves have been
proposed*8:.16 as sites of action for BONT/A and SV2 and SNAP-25 are expressed in these
nerves, the mechanism of toxin action is likely to be more complex involving other cells
within the bladder wall. Our findings reveal that urinary bladder urothelium expresses the
synaptosomal proteins SNAP-25 and SNAP-23. The former is involved in release of
transmitters from nerve cells while the latter is thought to be involved in non-neuronal
secretory processes and is expressed in tissues rich in epithelial cells. The protein receptor
for BONT/A has been shown to be SV2 (in this study expressed in mucosa and rat UT cells)
and some studies have indicated that specific isoforms (such as SV2C in phrenic nerves!?)
may be involved in mediating toxin uptake. Though all three SV2 isoforms are expressed in
mucosa (with SV2-C at the highest levels), it is not yet known which SV2 isoforms are
involved in the uptake of BONT/A within urothelium. Though a previous study has reported
the expression of SNAP-23 within the apical urothelial layer of rat urinary bladder,18 to the
best of our knowledge our results are the first to also show evidence of both SNAP-25 and
SNAP-23 in both rat and human bladder urothelium as well as a relative difference in
expression levels. Though the observed band size for SNAP 25 (75 kDa) in our preparations
differs from the predicted value, one explanation for this difference includes the formation
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of SNAP25 containing protein complexes. Studies have shown the presence of multiple
SNAP-protein complexes (identified from 40 to 120 kDa) that can form teterodimers and
heterotrimers in various conditions in a number of (tissue and cellular) preparations
including hippocampal slices.19:20 Further, these types of complexes are likely to migrate at
a different position than the predicted molecular weight of SNAP-25 (25 kDa) would
suggest, and this could also reflect a number of protein changes (i.e., glycosylation or
palmitolyation). Our findings were confirmed using urothelial cells as well as mucosa from
rat and human biopsies.

SV2 as well as SNAP-25 is expressed in parasympathetic and sympathetic (VAChT and TH
positive) efferent as well as afferent (CGRP positive) bladder nerves.8 By inhibiting
SNARE-dependent exocytotic processes, BONT/A can prevent the release of transmitters
(i.e., acetylcholine, norepinephrine, ATP) from both types of efferent nerves or release of
neuropeptides (i.e., substance P, CGRP) from afferent nerves as well as suppress the
translocation of various receptors and channels (TRPV1, P2X3) to the plasma
membrane.13:18.21.22 |n addition, recent studies have shown that BoNT/A injected in the
bladder wall of the mouse urinary bladder can suppress afferent activity evoked by
mechanical or chemical stimulation.* There is also evidence that BONT/A treatment (in
vitro) can normalize neuronal SNAP-25 expression that is altered in different pathologies.23
There is ample precedent for expression levels of a large number of proteins (including
SNAP) rapidly changing in a number of cell types. For example, it has been shown in
motoneurons?4 that SNAP-25 levels decrease 1 hr after exposure to BoNT/A, which
correlates and supports our findings that both SNAP-23 and SNAP-25 expression levels are
significantly decreased in urothelial cells hours after exposure to the toxin. In parallel
experiments, we also demonstrate that BONT/A inhibits the release of ATP from cultured
urothelial cells; a finding previously reported using intact urinary bladder.” Urothelial-
release of ATP can stimulate purinergic receptors on nearby bladder afferents that can
convey information about bladder filling or irritation to central nervous system.2> The
sensitivity of trafficking processes involving translocation of receptors,26 membrane,27:28
and other putative urothelial transmitters?® during bladder filling remains to be elucidated.

The mechanism of action of BoNT/A is thought to involve binding to the membrane
followed by internalization into the cytosol and finally inhibition of cellular processes
involving exocytosis. In neurons, the toxin is thought to bind with vesicular proteins such as
SV2 when vesicular membrane is exposed to the extracellular compartment during
exocytosis. 1:30 In the urothelium a similar mechanism may mediate endocytosis of
BoNT/A. We have evidence as also reported by others31:32 that this type of binding does not
elicit any adverse effects on cellular structure or function. However while the internalized
toxin may remain in the terminals of neurons (though retrograde axonal transport to the CNS
may also occur),33:3% in polarized epithelial cells internalized toxin may distribute
throughout the entire cell and be present within vesicles that mediate transcellular transport.
In the epithelium of the small intestine the neurotoxin does not passively diffuse but can
undergo transcytosis across cells to eventually reach the circulation and elicit systemic
effects such as block of transmission at the neuromuscular junction.3® In the urinary bladder,
this type of transport may provide a way for the toxin to “escape” the lumen to reach cells
underlying the urothelium thereby broadening its effects within the bladder wall and
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extending its duration of action. In this regard, the duration, formulation as well as the
concentration of BONT/A instillation may lead to changes in penetration (or trafficking) that
could influence other cell types in the bladder wall.

Although previous studies have failed to detect the expression of SNAP-25 within the
bladder mucosa,® the present experiments revealed the expression of SNAP-25 and
SNAP-23 in rat and human urothelium as well as SV2 in rat and human mucosa. A
difference in the immunoblot intensity between mucosal samples and cultured urothelial
cells was observed, though the reasoning for these differences are not known. Though
mucosal samples could contain other sources of SV2 and SNAP-25 protein (i.e., afferent and
efferent nerve terminals), these sources should not exhibit positive signals using RTPCR.
While SNAP-23 is expressed in both neuronal and nonneuronal cells, it is possible that the
difficulty in detection of non-neuronal SNAP-25 may be due to low expression levels, as
reported for pancreatic endocrine cells.38 While we did not examine SNAP-25 cleavage
products in the present study, a number of variables may influence cleaved SNAP-25
content. Studies have shown that in some cases limited amount of SNAP-25 may actually be
cleaved (in nerves innervating the detrusor) and identification of cleavage product may also
be precluded by sensitivity of the detection.3” Further, the use of SNAP-25 (for detection of
neurotoxin activity) has been based on the endopeptidase activity of the L-chain of BONT/A
that enables the toxin to degrade the SNAP-25 protein in nerves. There is no information as
to the activities of the toxin on exocytotic processes (including transmitter release) from
urothelial cells. Consistent with previous studies!’ we also found that SNAP-23 is expressed
mainly within the superficial or apical urothelium that may in part explain the higher
expression of SNAP-23 in rat mucosa compared to isolated urothelial cells (containing
mainly basal cells in the preparation). Though in some cell types the roles for specific fusion
events have been linked to specific components of the SNARE machinery, it is unclear why
urothelial cells express both SNAP- 25 and SNAP-23 (which is also sensitive to BONT/A)38
and also how these SNARES regulate urothelial fusion events. While SNAP-25 and
SNAP-23 may be functionally equivalent, there is evidence that these two SNARE proteins
may play a role in exocytotic processes having different calcium thresholds.3® Thus it is
possible that SNAP-25 may be linked with a higher rate of fusion events. In contrast,
SNAP-23 may be involved in a constitutive release pathway in epithelial cells, involving
docking and fusion of vesicles that occur at low or resting calcium concentrations.

CONCLUSIONS

Taken together, our findings suggest that the mechanism of action of BONT/A in the urinary
bladder may be more complex and likely to involve urothelial sites of action. Support for
this also comes from a Phase I/11 study in which clinical improvement was seen following
intravesical instillation of BoNT/A with DMSO%C and a promising effect on irritant-induced
bladder hyperactivity noted in animal models using intravesical instillation of BONT/A
encapsulated in liposomes.#! It is likely that BONT/A inhibition of transmitter release and
other exocytotic processes in urothelial cells may be complex. This may involve additional
mechanisms such as inactivation of proteins (i.e., synaptotagmins)*2 that regulate exocytotic
events.
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Fig. 1.
The synaptosomal-associated protein-23 (SNAP-23), synaptosomal-associated protein-25

(SNAP-25) and synaptic vesicle protein 2 (SV2) are expressed in urinary bladder
urothelium. A: Electrophoresis of PCR product on a 1.3% agarose gel with ethidium
bromide staining showing positive mucosal expression in the rat of SNAP-23, SNAP-25 and
synaptic vesicle (SV) glycoprotein isoforms: 2A, 2B, and 2C (SV2-A, SV2-B, SV2-C). B:
Using immunoblot analysis is the protein expression for SNAP-23 (23 kDa), SNAP-25 (75
kDa), and SV2 (95 kDa). Each lane represents samples from the same source: human
urothelial cells (lane 1), human mucosa (lane 2), rat urothelial cells (lane 3) and rat mucosa
(lane 4). The protein expression for both SNAP-23 and SNAP-25 was completely blocked
by the immunizing peptide. C,D: Rat bladder cross-sections showing SNAP-25-
immunoreactivity (IR, panel C, expressed throughout urothelium) and for SNAP-23-IR
(panel D, expressed mainly in superficial or apical cells). Arrows in each panel indicate the
epithelial surface. In both C and D inset panels show lack of SNAP-IR in controls following
incubation with the corresponding immunizing peptide (calibration bar = 10 um).
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Fig. 2.
The effect of BONT/A on SNAP-25, SNAP-23 expression and ATP release. A: Summary of

Western blot analysis showing protein levels of SNAP 25 (open bars) versus SNAP-23
(solid bars) in both human and rat mucosa. SNAP-25 levels in rat mucosa are less than half
of the levels in human mucosa; while SNAP-23 levels in rat mucosa are 10-fold higher as
compared to human. Three independent experiments were analyzed and are normalized to
beta-actin. B: Levels of SNAP-25 and SNAP-23 protein in control rat urothelial cells (open
bars) and urothelial cells treated with BoONT/A (1.5U, for 1-3 hr, solid bars). BoNT/A
significantly decreased the expression of SNAP-25 (P<0.05 as compared by unpaired
Student’s t-test). C: BoNT/A inhibits hypotonic-evoked release of ATP. Summary graph
showing baseline release of ATP, the effect of hypotonic stimuli alone, and hypotonic-
evoked release following treatment of cells with BoNT/ A (1.5 U; 1-3 hr). Data are
expressed as nM of ATP and were obtained from cultures prepared from at least 6 rats.
Experiments were performed on at least n = 6 independent cultures from each animal.
P<0.05 as compared by unpaired Student’s t-test. D: Prolonged exposure to BONT/A does
not induce deleterious changes in urothelial cell morphology. Shown is a representative
fluorescent image of cultured rat urothelial cells 24 hr following incubation with BoNT/A.
The cells were fixed (4% paraformaldehyde) and stained with the junctional marker ZO-1

Neurourol Urodyn. Author manuscript; available in PMC 2015 January 01.




1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hanna-Mitchell et al.

Page 14

(shown as red; primary rabbit and secondary antibody Cy3 goat-antirabbit 1gG) and counter-
stained with the nuclear marker, DAPI (shown as blue).
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