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Herpes Simplex Virus Vector-Mediated Gene Delivery
of Poreless TRPV1 Channels Reduces Bladder Overactivity
and Nociception in Rats
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Increased afferent excitability has been proposed as an important pathophysiology of interstitial cystitis/
bladder pain syndrome (IC/BPS) and overactive bladder (OAB). In this study, we investigated whether
herpes simplex virus (HSV) vectors encoding poreless TRPV1, in which the segment in C terminus of
TRPV1 receptor is deleted, suppress bladder overactivity and pain behavior using a rat model of chemical
cystitis. Replication-defective HSV vectors encoding poreless TRPV'1 were injected into the bladder wall of
adult female Sprague-Dawley rats. Additionally, recombinant HSV virus (vHG) vectors were injected as
control. Cystometry (CMG) under urethane anesthesia was performed 1 week after viral injection to
evaluate bladder overactivity induced by resiniferatoxin (RTx, a TRPV1 agonist). RTx-induced nociceptive
behavior such as licking (lower abdominal licking) and freezing (motionless head-turning) was observed 2
weeks after viral injection. GFP expression in L4/1.6/S1 dorsal root ganglia and the bladder as well as c-
Fos-positive cells in the L6 spinal cord dorsal horn were also evaluated 2 weeks after viral injection. In
CMG, the poreless TRPV1 vector-treated group showed a significantly smaller reduction in inter-
contraction intervals and voided volume after RTx infusion than the vHG-treated control group. The
number of the RTx-induced freezing events was significantly decreased in the poreless TRPV1 group than
in the vHG group, whereas there was no significant difference of the number of RTx-induced licking
events between groups. The number of c-Fos-positive cells in the DCM and SPN regions of the L6 spinal
dorsal horn was significantly smaller in the poreless TRPV1 group than in the vHG group. Our results
indicated that HSV vector-mediated gene delivery of poreless TRPV1 had a therapeutic effect on TRPV1-
mediated bladder overactivity and pain behavior. Thus, the HSV vector-mediated gene therapy targeting
TRPV1 receptors could be a novel modality for the treatment of OAB and/or hypersensitive bladder
disorders such as IC/BPS.

INTRODUCTION

INTERSTITIAL CYSTITIS/BLADDER PAIN SYNDROME (IC/
BPS) is a chronic disease in which patients suf-
fer from pelvic pain, urinary frequency, urgency,
and other symptoms.>? There have been numer-
ous reports attempting to detail source of IC/BPS
pathogenesis,>® but the complete etiology remains
unclear. Therefore, effective management of IC/
BPS has not been established yet, and IC/BPS
symptoms still result in a poor quality of life with sleep
disruption, depression, and sexual dysfunction.”®

In addition, increased excitability of bladder af-
ferent pathways has been proposed as a potential
pathophysiological mechanism not only of hyper-
sensitive bladder disorders such as IC/BPS,°-12
but also of overactive bladder (OAB).'* It has also
been reported that the transient receptor potential
vanilloid-1 (TRPV1) receptor, predominantly ex-
pressed in C-fiber afferent pathways, greatly con-
tributes to afferent sensitization in chronic pain
conditions.'®'® However, the clinical application of
TRPV1 antagonists for chronic pain has been

*Correspondence: Dr. Naoki Yoshimura, Department of Urology, University of Pittsburgh School of Medicine, Suite 700, 3471, Fifth Avenue, Pittsburgh, PA 15213.

E-mail: nyos@pitt.edu

HUMAN GENE THERAPY, VOLUME 26 NUMBER 00
© 2015 by Mary Ann Liebert, Inc.

DOI: 10.1089/hum.2015.026 1



2 MAJIMA ET AL.

hampered due in part to their adverse events
(AEs), such as hyperthermia and/or impaired nox-
ious heat sensation.!” Hence, the development of
local therapies that can target TRPV1 receptors
expressed in the affected organs and their afferent
pathways without inducing systemic AEs would be
useful for the treatment of OAB and chronic pelvic
pain conditions, including IC/BPS.

The TRPV1 receptor is a nonselective cation
channel that is activated by vanilloids, protons,
and heat. The activated channel causes calcium
influx, which results in cellular hyperexcitability.
The TRPV1 receptor consists of six transmembrane
domains with a pore region between the fifth and
sixth domains, and intracellular N- and C-terminal
tails. Garcia-Sanz et al. reported that the C-
terminus of the TRPV1 receptor is a tetramer
formed by the assembly of four identical subunits
around a central aqueous pore.'® In their article, a
TRP-like domain comprising %**Glu-"*'Arg was
identified as a molecular determinant of the tet-
ramerization of the individual receptor subunits.
Additionally, mutant TRPV1 (referred to as pore-
less TRPV1), where %**Glu-">!Arg was deleted,
failed to respond to capsaicin.

Gene therapy, using various vectors such as
herpes simplex virus (HSV) or adenovirus, has
been investigated for the treatment of various pain
conditions.'®?° Qur previous studies demonstrated
that replication-defective HSV vector-mediated
gene therapy was a safe and effective modality of
the treatment in various cystitis-model rats.?!??
Also, we employed the replication-defective HSV
vectors encoding poreless TRPV1 in a previous
study where poreless TRPV1 functioned as a mod-
ulator of the TRPV1 receptors in vitro as well as
in mice with capsaicin-induced thermal hyper-
algesia.?®?2 Thus, in this study, we investigated the
effect of replication-defective HSV vector-mediated
gene therapy using expression of poreless TRPV1
on bladder overactivity and nociceptive behavior
in a rat model of chemically induced cystitis in or-
der to clarify whether the poreless TRPV1 gene
therapy effectively suppresses TRPV1-receptor-
mediated afferent activation in the bladder.

MATERIALS AND METHODS

Vectors

We engineered the recombinant HSV virus
(vHG) that has a deletion of the essential immedi-
ately early (IE) genes, ICP4 and ICP27, as well as
the TAATGARAT elements within the promoters of
IE genes, ICP22 and ICP 47, rendering their ex-
pression as early genes dependent on the expres-
sion of ICP4 and ICP27 from the complementing
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Figure 1. Herpes simplex virus (HSV) vectors construct. The (A) vHG and
(B) poreless vectors (vHP) have a deletion of the essential immediately
early (IE) genes, /CP4 and ICP27, as well as IE regulatory elements within
the promoters of IE genes, /CP22 and /CP47, making their expression de-
pendent on ICP4 and ICP27, and thus they are expressed as early genes
only within the complementing cell line used to propagate the vectors. In
the genome of the vHG, an HCMV immediate early promoter driving en-
hanced green fluorescent protein (EGFP) was inserted into both /CP4 loci,
while in the poreless TRPV1 genome an HCMV promoter driving poreless
TRPV1 was inserted.

cell line used to propagate the vectors. In addition,
the vHP vector contains two copies of poreless
TRPV1 gene driven by the strong HCMV promoter
that were inserted into the ICP4 loci of the vHG
control vector replacing the enhanced green fluo-
rescent protein (eGFP) cassettes (Fig. 1). The pore-
less TRPV1 mutant was constructed by deleting
%81Glu-"'Arg from the wild-type TRPV1 channels
as previously described.’® The vectors were pro-
duced in the 7b ICP4-ICP27-expressing cell line
and purified as previously described.?*

Viral Vector Administration

Nine-week-old female Sprague-Dawley rats
(Hilltop Labs, Scottdale, PA) were used according to
the experimental protocol approved by the Uni-
versity of Pittsburgh Institutional Animal Care and
Use Committee (IACUC). A lower abdominal inci-
sion was performed under pentobarbital (30 mg/kg)
anesthesia, and viral suspension (30 ul, total of
1.1x 10°® plaque forming units) of vHP or vHG was
injected at six sites (5 ul per site) of the bladder wall
around the bladder base using a 30-gauge Hamilton
syringe. Also, in order to evaluate the effects of the
vHG control vector on bladder physiology, the
sham-treated group of rats was administered with
30 ul of saline (5 ul per site) into the bladder wall.

Cystometry

A polyethylene-50 (PE50) catheter was inserted
into the bladder through the dome and implanted
under isoflurane anesthesia 5 days after viral vec-
tor administration. Two days after the insertion,
continuous cystometry was performed to examine
if the effects of poreless TRPV1 gene delivery are
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seen 1 week after the vHP vector treatment. After
urethane (1.2 g/kg) was intraperitoneally admin-
istered, a PE50 catheter was connected to a pres-
sure transducer and an infusion pump through a
3-way stopcock. Saline was continuously infused
into the bladder at a rate of 0.04 ml/min. After
baseline bladder activity was established, 1 M of
resiniferatoxin (RTx; Sigma Aldrich, St. Louis,
MO), a TRPV1 agonist, was infused at a rate of
0.04 ml/min to induce bladder overactivity. RTx
was dissolved in 10% ethanol, 10% Tween-80, and
80% saline, and diluted to the final concentration
before use. The results were analyzed with Chart
5 software (AD Instruments, Milford, MA). Cysto-
metric parameters such as basal pressure (BP),
micturition threshold (MT), peak pressure (PP),
intercontraction intervals (ICI), voided volume
(VV), residual volume (RV), and voiding efficiency
(VE) were evaluated before and after RTx infusion.
The RTx-induced reduction rate of ICI or VV was
calculated with an equation: [(ICI or VV during
saline infusion — ICI or VV during RTx infusion)/
ICI or VV during saline infusion, respectively].

Nociceptive Behavior

We previously reported that intravesical RTx
administration induced two types of nociceptive
behavior, licking (lower abdominal licking) and
freezing (motionless head-turning to the lower ab-
domen), and that licking behavior is predominantly
induced by urethral pain sensation carried through
the pudendal nerve, whereas freezing behavior is
related to pelvic nerve-mediated bladder pain.?>26
In order to examine if the effects of vVHP treatment
last more than 1 week, nociceptive behavior was
observed 2 weeks after viral inoculation, as we
previously reported.?® In brief, the rats were kept in
a metabolic cage for at least 2 hr before behavioral
observation. After 3 uM of RTx in a volume of 0.3 ml
was administrated intravesically through a tem-
porary indwelling urethral catheter, and kept for
1min, each rat was returned to the metabolic cage.
Thereafter, licking and freezing events were scored
for 15min periods divided into 5sec intervals.
When licking or freezing events occurred during a
5 sec interval, it was scored as one positive event.

GFP Expression in the Bladder
and Dorsal Root Ganglia

Two hours after nociceptive behavior observa-
tion, which was performed 2 weeks after HSV
vector inoculation, the rats were intracardially
perfused with cold heparinized saline, followed
with 4% paraformaldehyde (PFA; J.T. Baker,
Phillipsburg, NJ) under isoflurane anesthesia.

Then, the bladder, L4/1.6/S1 dorsal root ganglia
(DRG), and the L6 spinal cord were removed. Sec-
tions of the DRG and bladder tissues were used for
GFP observation, while the L6 spinal cord was
subjected to c-Fos THC staining. The bladder and
DRG tissues were postfixed overnight with 4% PFA
in 0.1 M phosphate buffered saline (PBS; Gibco,
Grand Island, NY) at 4°C. Thereafter, they were
incubated in 20% sucrose in PBS for 48 hr at 4°C for
cryoprotection, then embedded into OCT com-
pound (Sakura Finetek USA, Inc., Torrance, CA)
with 20% sucrose (2:1), and rapidly frozen. The
frozen tissue sections were cut at a thickness of
12 ym (transverse sections) and thaw-mounted onto
microscope slides (Fisher Scientific, Pittsburgh,
PA). GFP expression in the bladder and the L4/L6/
S1 DRG was evaluated using a fluorescent micro-
scope. In addition, GFP expression in the L6 DRG of
the nontreated control rats was observed as well.

c-Fos Staining in L6 Spinal Cord Dorsal Horn

It has been reported that an increase in c-Fos
protein in the spinal neurons can be detected within
a few hours following the bladder distension or che-
mical irritation.?”? Birder and de Groat reported
that c-Fos expression was most likely to be observed
in the L6 spinal cord dorsal horn 2hr after RTx
administration into the bladder.° The frozen spinal
cord was cut into 40 um sections. Every third serial
section was incubated in 0.3% hydrogen peroxide
(0.01 M PBS, Triton X100, and hydrogen peroxide;
Sigma Aldrich) for 10min. They were incubated
for 48 hr at 4°C with primary antibody (rabbit anti-
c-Fos, 1:10,000; Abcam, Cambridge, MA) in PBS
containing 2% goat serum and 0.1% Triton X100.
Thereafter, they were incubated in biotinylated
second antibody (goat antirabbit IgG, 1:600; Abcam)
and in avidin—biotin complex reagent (Vector La-
boratories, Burlingame, CA), each for 2 hr at room
temperature. c-Fos proteins were then visualized by
diaminobenzidine and nickel ammonium sulfate
with hydrogen peroxide (DAB; Vector Laboratories).
c-Fos-positive cells were counted in four spinal cord
regions of medial dorsal horn (MDH), lateral dorsal
horn (LDH), dorsal commissure (DCM), and sacral
parasympathetic nucleus (SPN).3°

Statistical Analysis

Data were analyzed using statistical program R
commander (version 2.8.1; the Comprehensive R Ar-
chive Network). All data values were expressed
as meantSEM. A statistical comparison of differ-
ences was performed using Student’s ¢-test. p-Values
less than 0.05 were considered to be statistically
significant.
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RESULTS
Comparison of Sham and vHG Control
Vector treatments

In cystometry and behavioral testing, there were
no significant differences in baseline cystometric
parameters or RTx-induced pain behavior between
sham and vHG control vector-treated groups (n =6/
group) (data not shown). Thus, further data ana-
lyses were performed in vHP and vHG vector-
injected groups.

Cystometry

During saline infusion, there was no signifi-
cant difference in ICI or VV between vHP and vHG
vector-injected groups. RTx infusion induced a
substantial reduction in ICI and VV in the vHG
control vector-injected group, whereas there was a
relatively moderate reduction in the vHP group.

RTx infusion

A cmH20

vHG

Poreless
(vHP)

The reduction rates of ICI and VV after RTx infu-
sion were significantly smaller in the vHP group
than in the vHG group (65+3% vs. 68+4%, p=
0.03, and 51+5% vs. 656+ 3%, p=0.03, respectively;
n=6/group) (Fig. 2). There were no significant dif-
ferences in other cystometric parameters such as
BP, MT, PP, or RV between the two groups.

Nociceptive Behavior

As found in our previous study, the highest
number of licking events was observed in the early
phase and gradually decreased over time during
the 15 min observation period. However, freezing
events were increased gradually over time and
observed at the highest level in the late phase.?!*
There was no significant difference in licking be-
havior events between the two groups (Fig. 3). On
the other hand, the number of freezing events was

15 min
C
n Saline infusion
(mt)
vHG 6 0.74%0.13
poreless | 6 0.69%0.10
p value 0.80

B
o Saline infusion | RTx infusion Reduction
(sec) (sec) rate (%)
vHG 6 1112220 339458 68+4
poreless | 6 9751164 412+61 5543
p value 0.62 0.40 0.03
RTx infusion Reduction
(mL) rate (%)
0.25%0.05 65*3
0.35%0.03 515
0.35 0.03

Figure 2. Cystometry under urethane anesthesia in control vHG and poreless vHP groups. Representative traces of cystometry (A) and the effect of

resiniferatoxin (RTx), a TRPV1 agonist, on intercontraction interval (ICl) (B) and on voided volume (C). (A) Saline was continuously infused into the bladder at a
rate of 0.04 ml/min. After baseline bladder activity was established, 1 xM of RTx was infused at a rate of 0.04 ml/min. (B) The reduction rate of ICl is significantly
smaller in the vHP group than in the vHG group (68 +4% vs. 55+ 3%, p=0.03). The reduction rate was calculated with an equation: (ICl during saline infusion —
ICI during RTx infusion)/IC| during saline infusion. (C) The reduction rate of voided volume is significantly smaller in the vHP group than in the vHG group
(65+3% vs. 51+5%, p=0.03). The reduction rate was calculated with an equation: (voided volume during saline infusion — voided volume during RTx infusion)/

voided volume during saline infusion.
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Figure 3. Resiniferatoxin (RTx)-induced licking behavior. RTx (3 uM) was administered into the bladder through a temporary indwelling urethral catheter and
kept there for 1min. The number of licking events was counted for a 15min period with 5sec intervals. (A) Time-course changes in the number of licking
behavior events. (B) Comparison of licking behavior events between vHG and poreless vHP groups. The 15 min observation time was divided into three periods:
early (0-5min), middle (5-10min), and late (10-15min). There was no significant (n.s.) difference in the licking events between two groups.

significantly decreased in the vHP group (n=7)
compared with the vHG group (n=6) during each
of 5min periods of the entire observation time
(Fig. 4.)

GFP Expression in the Bladder and S1/L6 DRG

In order to identify the HSV vector-transduced
cells, we examined GFP expression from the con-
trol vector that expresses GFP from the strong
CMV promoter. GFP-positive cells were observed
under a fluorescent microscope in the bladder
muscle layer and the S1/L.6 DRG, where bladder
afferent neurons originate. However, GFP expres-
sion was not seen either in the L4 DRG of vHG-
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injected group of rats or in the L6/S1 DRG of
nontreated normal rats (Fig. 5)

c-Fos Staining in the L6 Spinal Cord Dorsal Horn

The number of c-Fos-positive IHC cells within
the DCM and SPN regions of the L6 spinal dorsal
horn was significantly (p<0.05) reduced in the
vHP-injected group (7+2 and 3+0.9 per section,
respectively, n="7) than in the vHG-injected group
(24+3 and 9+1 cells per section, respectively,
n=6). In contrast, no significant difference was
seen in the number of c-Fos-positive cells in the
MDH and LDH regions between the two groups of
vector-injected rats (Fig. 6).

p=0.001

. vHG (n=6)

Poreless (vHP; n=7)

p=0.005
3
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Figure 4. Resiniferatoxin (RTx)-induced freezing behavior. RTx (3 xM) was administered into the bladder through a temporary indwelling urethral catheter and
kept for 1 min. The number of freezing events was counted for 15 min. (A) Time-course changes in the number of freezing behavior events. (B) Comparison of
freezing behavior events between vHG and poreless vHP groups. The 15 min observation time was divided into three periods: early (0-5min), middle (5-10 min),

and late (10-15min). The poreless vHP-injected group showed the significantly lower number of freezing events

injected group.

in all of three 5min periods than the vHG-
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Figure 5. HSV vector-mediated green fluorescent protein (GFP) expression in the bladder (A and B), L6 dorsal root ganglia (DRG) (C and D), and L4 DRG (E)
from rats treated with vHG control vectors. The photomicrographs (B) and (D) show the magnified portions of (A) and (C) indicated by rectangular boxes,
respectively. GFP-positive cells were observed in the bladder (A and B) and the S1/L6 DRG (C and D) in rats treated with vHG control vectors. There were
GFP-positive cells neither in the L4 DRG in the rats treated with vHG vectors (E) nor in the L6 DRG in the nontreated rats (data not shown). Scale bars indicate
200 um (A and C) and 100 um (B, D, and E). Color images available online at www.liebertpub.com/hum

DISCUSSION

The results of this study indicate that (1) HSV
vectors injected into the bladder wall are trans-
ported into L6/S1 DRG neurons via bladder affer-
ent nerve fibers as shown by HSV vector expressed

A

The number of cFos positive cell/section U ;

20
p=0.18
15 SR
10
S I
0
MDH LDH

GFP-positive cells being detected in the bladder
and L6 DRG (Fig. 5) from HSV control vector vHG-
injected rats; (2) in rats treated with the poreless
TRPV1-encoding HSV vector vHP, bladder over-
activity as measured by ICI and voided volume

M vHG (n=6)
Pore

less (vHP; n=7)

p=0.03

DCM SPN

Figure 6. c-Fos immunostaining in the L6 spinal cord dorsal horn. (A) The L6 spinal cord dorsal horn was divided into four regions: medial dorsal horn (MDH),
lateral dorsal horn (LDH), dorsal commissure (DCM), and sacral parasympathetic nucleus (SPN). The vHG-injected group (B) had more c-Fos-positive cells
(black arrows) than the poreless vHP-injected group (C.) (D) There were the significantly lower number of c-Fos-positive cells in the DCM and SPN regions in
the poreless vHP-injected group than in the control vector vHG-injected group. Scale bars indicate 200 ym.
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during intravesical RTx administration (Fig. 2)
was reduced compared with vHG-treated control
rats; (3) vHP-injected rats showed a decrease in
freezing behavior (Fig. 4) induced by nociceptive
stimuli in the bladder; and (4) vHP-injected rats
showed a decrease in c-Fos expression in the L6
spinal cord dorsal horn after intravesical RTx ad-
ministration (Fig. 6).

The positive GFP expression after vHG injection
into the bladder wall was observed in L6/S1 DRG
where bladder afferent neurons originate, but not
in L4 DRG neurons, which do not contain bladder
afferent neurons.'* These results indicate that the
virus vectors, when injected into the bladder, can
express reporter and therapeutic proteins specifi-
cally in the bladder and its afferent pathways, but
not in afferent neurons innervating other organs.

In the cystometric analysis, the vHG-injected
group of rats exhibited bladder overactivity after
RTx instillation as evidenced by a statistically
significant reduction in ICI and voided volume
during RTx infusion compared with ICI and voided
volume during saline infusion. Because RTx stim-
ulates the TRPV1 receptor, which is predominantly
expressed in C-fiber bladder afferent pathways,3!
bladder overactivity induced by RTx is presumed to
be elicited by activation of TRPV1-expressing C-
fiber bladder afferents. The vHP-injected group
also showed a reduction in ICI and voided volume
during RTx infusion; however, the reduction rate
was significantly smaller than that for the control
vHG-injected group. According to a previous study,
TRPV1 receptors possessing the poreless subunit
do not respond to capsaicin stimulation because of
a failure to form the pore channel.’® Thus, our re-
sults are likely to show that poreless TRPV1 re-
ceptors, which are transduced and expressed in
bladder afferent pathways, can suppress TRPV1
activation in response to RTx because of a block in
TRPV1 channel activation.

It is known that freezing events are likely to be
brought on by activating bladder afferents in the
pelvic nerve,??22¢ jndicating that the freezing
behavior in response to intravesical RTx-mediated
nociceptive stimulation represents bladder pain
as the result of TRPV1 receptor activation in blad-
der afferent pathways. In this study, the number
of freezing behavior events was significantly de-
creased in the vHP-injected group. Thus, it is as-
sumed that HSV vector-mediated expression of
poreless TRPV1 in bladder afferent pathways
blunted TRPV1-mediated activation in the blad-
der, thereby suppressing bladder pain sensation.
In contrast, there was no significant difference in
licking behavior events between the vHG control

vector-injected and vHP poreless vector-injected
groups. Because the licking behavior is induced by
stimulation of the urethral afferents in the pu-
dendal nerves,**® our results imply that the vec-
tors inoculated into the bladder wall do not have an
impact on the nervous system innervating other
organs such as the urethra. Taken together with
the result of the GFP expression, it can be con-
cluded that gene therapy with replication-defective
HSV vectors is an organ-specific treatment and
effective to suppress bladder pain behavior induced
by intravesical nociceptive stimuli.

We also performed c-Fos staining in the L6 spi-
nal cord after RTx administration to investigate
the nociceptive input from the bladder. In the vHG-
injected group, the c-Fos-positive cells were ob-
served in four regions of the spinal cord dorsal
horn. Compared with the vHG-injected group,
there were significantly fewer c-Fos-positive cells
in the DCM and SPN regions in the vHP-injected
rat group. Birder and de Groat previously reported
that the majority of c-Fos-positive cells were ob-
served in the DCM and SPN regions after bladder
stimulation,®® which implies that c-Fos expression
in these regions is associated with activation of
bladder afferent nerves. Therefore, our results in
the c-Fos expression study are likely to demon-
strate further evidence showing that HSV vector-
mediated poreless TRPV1 delivery can inhibit the
activation of bladder afferent pathways as c-Fos
activation is a marker of bladder afferent activa-
tion via a number of stimuli.

Various aspects of the natural biology of HSV are
attractive when considering it as a gene therapy
vector, especially for the treatment of diseases of
the peripheral nervous system (PNS). As primary
afferent neurons are the natural targets of HSV
during wild-type virus infection of humans, it
represents a major advantage over other vector
systems as the target cells for PNS diseases that
one is trying to transduce are the exact ones this
virus natural infects. Moreover, the vector genome
is large (>152kb) and about a half is not essential
for growth of the virus in culture for propagation;
therefore, multiple®” or large transgenes® can be
accommodated. Another advantage is that HSV
does not integrate into the host genome,* and so
insertional mutagenesis that could potentially be
tumorigenic to the host is not a concern. Gene
transfer-based delivery may also be used to provide
local high levels of a gene product, while minimiz-
ing potential systemic side effects. Because the
vectors used in this study were constructed by de-
leting immediate early (IE) genes, ICP4 and ICP27,
as well as important elements within the promot-
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ers of IE genes, ICP22 and ICP47, they cannot
replicate in the noncomplementing cells, which
renders the vectors to be replication defective and
dramatically less cytotoxic. In a phase I clinical
study using a similar replication-defective HSV
vector encoding preproenkephalin, no treatment-
related AEs were reported in humans.?® There-
fore, the replication-defective HSV vector encoding
poreless TRPV1 could be a novel treatment for IC/
BPS and/or OAB, in which afferent sensitization is
one of the major pathophysiological conditions.
However, there are some limitations in the pres-
ent study. First, this study aimed to confirm that the
poreless TRPV1 gene delivery to the bladder and its
afferent pathways can ameliorate TRPV1 receptor-
mediated afferent activation in the bladder. There-
fore, further studies are needed to evaluate whether
the vHP vector treatment has similar effects on
bladder hypersensitivity induced by other stimula-
tions to evaluate the clinical utility of the poreless
TRPV1 gene therapy. Second, this study evaluated
the effects of vHP vector treatment for 1-2 weeks
after viral inoculation; therefore, the duration and
time course of viral infection or therapeutic effects

are not known although our previous studies using
HSV vectors encoding other genes showed that in-
creased virus mRNA levels were detected at 4 weeks
after viral injection®?3® and that the antinociceptive
effect lasted up to 4 weeks using a neuropathic pain
model.*® Further studies including time course
evaluation are warranted so that we might even-
tually move forward to future translational studies.

CONCLUSIONS

The replication-defective HSV vectors expres-
sing poreless TRPV1 reduced TRPV1-mediated
bladder overactivity and bladder afferent-specific
pain behavior in rats. Therefore, poreless TRPV1

gene therapy could be a novel treatment modality
for IC/BPS and/or OAB.
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