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- There-is confusion surrounding the taxonomy of interstitial cystitis (IC) and its related -

symptom syndromes, painful bladder syndrome (PBS), bladder pain syndrome (BPS) and
overactive bladder (OAB) syndrome.!

. IC is a disease name long used in medical and consumer somehes but it lacks clear
definition.” PBS is defined by the International Continence Society (ICS) as “suprapubic
pain related to bladder filling, accompanied by other symptoms, such as increased
daytime and night-time frequency, in the absence of proven urinary infection or other
obvious pathology”,? PBS*® and BPS® definitions by other societies all share two require-
ments; symptoms including pain and lack of identifiable diseases explaining the symp-
toms. Chimeric terms combining IC and syndromes, IC/PBS (IC/BPS), apparently
indicate conditions presenting the symptom complex in the absence of obvious diseases
with the possible presence of IC. However, these terms are used interchangeably. In addi-
tion, PBS and BPS contain “pain”, creating a misunderstanding that the patient must
complain of pain, although a substantial proportion of patients do not. Complaints com-
monly heard are not directly linked to pain; that is, incessant need to void due to
discomfort, loss of normal urinary sensation and an irritable sensation with only little
urine in the bladder. These symptoms suggest increased sensation of the bladder or
urothelium, a highly sensitive sensory tissue,” and an adequate term for such a condition
is lacking.

I should therefore like to propose hypersensitive bladder (HSB)® (although “hypersen-
sitive” can be replaced by other words implying increased sensation). HSB syndrome is
a condition with HSB symptoms with no obvious diseases. HSB symptoms are defined as
“increased bladder sensation, usually associated with urinary frequency and nocturia, with
or without bladder pain”. They are similar to OAB symptoms; urinary urgency, usually
associated with urinary frequency and nocturia, with or without urgency incontinence.’
Increased bladder sensation is described as “early and persistent desire to void”.?® IC is
defined as a disease requiring: (i) HSB symptoms; (ii) no obvious diseases; and (iii)
bladder pathology, such as Humnei’s ulcer or mucosal bleeding after overdistension
(Fig. 1a). Symptoms of OAB and HSB substantially overlap, whereas OAB with leakage
and HSB with pain are readily separated. The compelling need to void in OAB is chai-

. acterized by the sudden onset and/or fear of leakage, whereas that in HSB is of a per-

742

sistent unpleasant sensation and/or fear of pain.’ IC is a representative disease causing
HSB symptoms, most typically with pain, but might be painless and indistinguishable
from OAB (Fig. 1b).

With these definitions, the following make sense: (i) a woman complaining of HSB
symptoms proved to have carcinoma 7n sifu of the bladder; (i) a woman with HSB symp-
toms was diagnosed as HSB because no obvious diseases were apparent, but now she is
diagnosed with IC based on cystoscopic abnormality; and (iii) a man with HSB showed no
definite findings for IC at hydrodistension, so he remained as HSB. '

Introducing HSB, the counter concept of OAB, into bladder dysfunction taxonomy will
clarify the current confusion surrounding IC. i

None declared.

© 2013 The Japanese Urological Association



Hypersensitive bladder for

Hypersensitive bladder sympt

Fig. 1 Relationship of hypersensitive bladder (HSB) and its related terms. {a) Hypersensitive bladder symptoms (increased bladder sensation, usually associated with
urinary frequency and nocturia, with or without bladder pain) are to be explored for the causes. When there is no obvious disease, the condition is called HSB.
Furthermore, when bladderpathology (such as Hunner's ulcer.or mucosal bleeding after overdistension) is identified in HSB, the dmgnosxs of interstitial cystitis (IC) is made.
When thefe is no such bladder abnormality, the condition remains as HSB. (b) Symptoms of overactive bladder (OAB; urinary urgency, usually associated with urinary
frequency and nocturia, with or without urgency incontinence) and HSB are substantially overlapping, although OAB with leakage and HSB with paln can be readily
discriminated. Symptoms of IC mostly present as HSB symptoms (typically with pain), but occasionally can be mdlstlnguxshable from OAB.
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Inereased mRNA Expression of Genes Involved
in Pronociceptive Inflammatory Reactions in Bladder
Tissue of Interstitial Cystitis
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Purpose: We assayed mRNA expression of the TRP family of channels and
ASIC1 in bladder tissue from patients with interstitial cystitis.

Materials and Methods: Bladder biopsies of 1) nonclassic interstitial cystitis,
2) nonulcerative portions of classic interstitial cystitis, 3) ulcerative portions of
classic interstitial cystitis and 4) noncancerous portions of bladder cancer as the
control were placed immediately in ice-cold RNAlater® and subjected to real-
time reverse transcriptase-polymerase chain reaction. We compared the mRNA
expression of TRP channels, ASIC1, NGF, CXCL9 and UPKS3A with that of
controls, and correlated expression with symptom severity.

Results: We analyzed specimens from 17 patients with nonclassic interstitial
cystitis, 22 with classic interstitial cystitis and 11 controls. In nonclassic inter-
stitial cystitis samples TRPV2 and NGF showed significantly increased expres-
sion. In classic interstitial cystitis samples nonulcerative portions demonstrated
a significant increase in the expression of TRPA1, TRPM2 and 8, TRPV1 and 2,
ASIC1, NGF and CXCL9, and a significant decrease in UPK3A and TRPV4. Ul-
cerative portions showed similar changes for TRPM2, TRPV1, 2 and 4, CXCL9 and
- UPK3A. Increased expression of TRPM2, first noted in interstitial cystitis tissue,
was the most pronounced one of the TRP family. All symptom measures correlated
with TRPM2 and TRPV2 expression, and partially with that of the other genes.

Coneclusions: This study showed increased expression of the genes involved in
pronociceptive inflammatory reactions in interstitial cystitis, including TRPV1,
2 and 4, ASIC1, NGF and CXCL9, and to our knowledge TRPM2 for the first
time. The different expression patterns suggest distinct pathophysiologies for
classic and nonclassic interstitial cystitis. The genes and their products are
potential candidates for use as biomarkers or novel therapy targets.

Key Words: urinary bladder; cysiitis, interstitial; gene expression;
transient receptor potential channels; uroplakins
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and Acronyms

ASIC = acid sensing ion channel
CXCLY = chemokine (C-X-C motif)
ligand 9

GAPDH = glyceraldehyde-3-
phosphate dehydrogenase

IC = interstitial cystitis

NGF = nerve growth factor

OSPI = O'Leary-Sant problem
score

0SSl = O’Leary-Sant symptom
score

gRT-PCR = quantitative real-time
RT-polymerase chain reaction

RT = reverse transcriptase

TRP = transient receptor
potential

TRPA = TRP ankyrin

TRPM = TRP melastatin

TRPV = TRP vanilloid

UPK = uroplakin

VAS = visual analog pain scale
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INTERSTITIAL cystitis is characterized by bothersome
lower urinary tract symptoms, including increased
urinary frequency, increased bladder sensation,
bladder discomfort and pain, which often severely
impair patient quality of life. Histopathology re-
veals a varying extent of mast cell proliferation and
inflammatory infiltrates as well as scarring and
fibrosis at the end stage of disease.! However, its
exact etiology remains wunclear, hindering the
development of effective therapeutic interventions.

Basically, IC diagnosis is based on symptom-
atology, cystoscopy and the exclusion of other
bladder diseases.? On cystoscopy IC can be divided
into 2 subtypes, including classic IC with Hunner
ulecers (ulcerative lesions) and nonclassic IC without
‘ulcers. Classic IC is associated with older patient
age, more severe symptoms and more evident in-
flammatory histological reactions.® Recent studies
focused on biomarkers to diagnose IC and/or
discriminate between. the 2 types of IC.* Candidate
biomarkers include NGF,? CXCL9* and UPK II1-34,
a splicing variant of UPK III.®

Emerging evidence suggests that the TRP family
of channels is likely to have important roles in
regulating urothelial sensory perception and overall
bladder function. TRPA1, TRPM7 and 8, and TRPV1,
2 and 4 are expressed in the urothelium of different
regions of the urogenital tract.””® TRPV1™~ mice
feature abnormal bladder function, characterized by
a high frequency of low amplitude and nonvoiding
bladder contractions,® while TRPV4 stimulation fa-
cilitates the micturition reflex by activating mecha-
nosensitive, capsaicin insensitive C fibers in rats.®
In addition, functional ASICs, which are members
of the amiloride sensitive epithelial Nat channel
family, are expressed in the bladder of rats and
mice.>? An alteration in ASIC receptor expression
was reported in a rat cystitis model.*®

However, there is little or no clinical information
on the comprehensive expression patterns and
possible functional roles of these TRP channels and
. ASICs in IC pathophysiology. To explore IC patho-
physiology, we comprehensively analyzed the
mRNA expression. of molecules that may be related
to inflammation and/or mechanosensing/thermo-
sensing, such as the TRP family, ASIC1 receptor,
NGF, CXCL9 and UPK3A, using qRT-PCR.

MATERIALS AND METHODS

Subjects )

Patients with IC scheduled for hydrodistention or those
with noninvasive bladder cancer undergoing transure-
thral resection were enrolled as controls. The IC diagnosis
was based on clinical guidelines for IC and hypersensitive
bladder syndrome.? Patients with symptomatic bladder
cancer or carcinoma in situ were excluded from analysis.

At study enrolliment symptom severity was assessed by
the OSSI, OSPI and VAS (score 0 to 10). The study pro-
tocol was approved by our institutional review board and
fully explained to patients before written informed con-
sent was obtained.

Using a rigid 18Fr cystoscope with the patient under
spinal anesthesia, bladder specimens were obtained
before hydrodistention or tumor resection with cold cup
biopsy forceps from 1) retrotrigonal portions in nonclassic
IC, 2) nonulcerative retrotrigonal portions in classic IC,
3) ulcerative portions in classic IC and 4) retrotrigonal,
noncancerous, apparently normal portions in bladder
cancer. The nonIC bladder served as the control. Samples
were placed immediately in ice-cold RNAlater and stored
at —80C. Total RNA was extracted from bladder samples
and reverse transcribed into ¢DNA with RT. mRNA
expression levels of several TRP channels (TRPA1,
TRPM2, 7 and 8, and TRPV1, 2 and 4), ASIC1, NGF,
CXCL9 and UPK3A were compared among the 3 groups.
mRNA levels are shown as the fold change in the average
control tissue value.

Total RNA Isolation

Total RNA was extracted from bladder samples by
homogenization in Sepasol®-RNA I isolation solution
according to the manufacturer protocol. RNA integrity
and purity were assessed by capillary electrophoresis on
a 2100 Bioanalyzer (Agilent Technologies, Palo Alto,
California) with an RNA 6000 Nano LabChip® Kit and
by measuring absorbance at 260/280 nm (Ayge/Aggo ratio).
Only RNA samples with RNA integrity numbers of 6.5 or
greater were considered for further analysis.

RT and qRT-PCR for mRNA Expression

Total RNA was reverse transcribed wusing the
PrimeScript™ 1st Strand ¢DNA Synthesis Kit with 1 pg
RNA and 6 mer random primers according to manu-
facturer instructions. gRT-PCR was performed with
SYBR® Premix ExTaq™ II on a LightCycler®. The reac-
tion volume was 20 pl, which contained 2 pl of a ten-fold
dilution of ¢cDNA, 10 ul SYBR Premix ExTaq II, 0.8 pl
forward and reverse primers (10 pM each), and 6.4 pl
water. qRT-PCR conditions were initial denaturation
at 95C for 30 seconds, 40 to 45 amplification cycles
with denaturation at 95C for 5 seconds, and annealing
and extension at 60C for 20 seconds. Each experiment
was done 3 times and average~values were used for
analysis. The primers used for gRT-PCR were selected
using the Perfect Real Time Primer Support System
{(Takara Bio, Shiga, Japan) (see supplementary Appendix,
http:/jurology.com/).

Statistical and Data Analysis

For each sample gene expression levels were normalized
to GAPDH and calculated as the fold expression relative
to the median control value. The gene expression level
was analyzed with the Wilcoxon rank sum test. Its rela-

. tion to symptom severity was determined using the

Pearson product moment correlation coefficient r with
p <0.05 considered statistically significant. R, version
2.13.1 (R Foundation for Statistical Computing, Vienna,
Austria) was used for all statistical analysis. '
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‘RESULTS

Enrolled in the study were 11 controls, 17 patients -

with nonclassic IC and 22 with classic IC (table 1).
All bladder cancers were noninvasive and not

associated with carcinoma in situ. Bladder cancer
grade and stage was GITa in 6 cases, and GIT1,"

G1T2, G2Ta, G2T1 and G3T1 in 1 each. Biopsy sites
were histologically confirmed to be free of cancer.
All IC cases were compatible with - National
Institute of Diabetes and Digestive and Kidney
Diseases criteria. Patients with classic IC were
older than those with nonclassic IC (mean + SD age
70.6 & 10.6 vs 56.1 4 18.5 years, p = 0.003) and they
appeared to be more symptomatic. Mean OSSI and
OSPI were 14.1 + 4.1 and 12.4 & 3.2 in classic IC
cases, and 13.1 + 3.2 and 11.5 + 3.4, respectively, in
nonclassic IC cases. The mean VAS was 7.55 £+ 1.85
and 5.25 4 2.77 for classic and nonclassic IC,

respectively. Patients with IC had had no hydro-

distention, received no botulinum toxin injection
therapy and used no steroids within the last year.
All patients had been on nonsteroidal anti-
inflammatory drugs on demand for bladder pain or
discomfort.

gRT-PCR results indicated a significant increase
in TRPV2 and NGF expression in nonclassic IC
tissue, while there were major changes in classic
IC tissue (table 2, and figs. 1 and 2). Of the TRP
channels TRPA1, TRPM2 and 8, and TRPV1 and
2 showed significantly increased mRNA expression
in nonulcerative portions of classic IC compared
with controls. In the same portions we noted a sig-
nificant increase in ASIC1, NGF and CXCL9 mRNA
expression, and a significant decrease in TRPV4 and
UPK3A mRNA expression. Also, in the ulecerative
portions of classic IC we found a significant increase
in TRPM2, TRPV1 and 2, and CXCL9, and a sig-
nificant decrease in TRPV4 and UPK3A.

As assessed by the OSSI and OSPI or VAS,
symptom severity was significantly associated with
the TRPM2 and TRPV2 expression level (coefficient
0.266 to 0.516). TRPV1, ASIC1, NGF and CXCL9
levels significantly correlated positively with 1 or
2 symptom measures, and the TRPV4 level signifi-
cantly correlated inversely (table 3).

Table 1. Patient background

'i‘able 2 mRNA expressron in mterstltlal cystms bladder tissue

Nunulcera’uve : Ulceratlve
! Nonclassjc IC _Classic IC - _Classic IC
Gens . Fold < Fold - o Fold :
Symbol -~ Change p Value Change p Value - Change p Value
TRPAT 118 0BT 220 0014 145 0143

TRPM2 1.26 0578 3.71 0.0071 3.74 0.012%
TRPM7 0.85 0.225 0.92 0.560 0.83 0.166
TRPMSB 0.64 0.487 151 0.021% 1.57 0.053

- TRPV1 140 0.059 2.03 0.000% 1.15 0.040% .
TRPV2 1.39 0.037% 2.07 0.000f 222 0.000% .
TRPV4 1.04 0.547 0.68 0.036% 0.68 0.029%
ASICT. 1.34 0.134 2.34 0.000t 122 0097
NGF . 3.4 0.002t 2.81 0.014* 1.52 0.375
CXcL9 133 0.711 755 0.000% 6.04 0.0061

UPK3A 1.04 1.000 0.04 0.000F 0.07 0.000%

#p <0.05 vs control.
tp <0.01 vs control.

DISCUSSION ,
We compared mRNA expression levels of 7 TRP
channels and ASIC1 as well as NGF, CXCL9 and
UPKB3A in bladder biopsy specimens from controls,
and patients with nonclassic and classic IC to
explore IC pathophysiology. .

NGF mRNA levels were increased in each type
of IC, suggesting that increased NGF expression
may be a common IC change. Although the 1.5-fold
increase in ulcerative lesions was not statistically
significant in our study, it is comparable to a pre-
vious observation.’* NGF, which is produced by
bladder smooth muscle and the urothelium,'® was
implicated in altered bladder sensory function
and the development of referred hyperalgesia in
response to bladder inflammation® as well as in
pathological conditions, such as idiopathic detrusor
overactivity, neurogenic bladder and inflammatory
bladder disease.'®

In addition to NGF, TRPV2 mRNA levels were
slightly but significantly increased in each type of
IC. A few reports have shown a possible role for
TPRV2 in bladder function. TRPV2 mRNA was
found in cultured urothelial cells, urothelial tissue,
dissociated smooth muscle cells and deepithelialized
bladder tissue.'” Since it is a heat and stretch acti-
vated channel, the function of TRPV2 could be to
detect bladder filling or nociceptive sensation.

Bladder Ca Control

Nonclassic 1C Classic IC

No. male/female 8/3 6/11 ) 2/20 )
Mean == SD age at diagnosis (range) 69.7 4 12.3 (48-82) 56.1 = 185 (20—73) 706 =+ 10.6 (36—83)
Median yrs symptom history (range) 35 (1.0—28.0) 4.0 (1.5—20.0)
Mean == SD score:
- 0S8l : 273 £-10° - 131 =+ 3.15% 141 + 4.06*%

0SPI 273+ 127 1.5, &= 387 124 + 3.24%

VAS 0.55 & 0.69 526 £ 277% 755+ 1.85*

*p <0.05 vs control.
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Figure 1. TRP channel mRNA expression in bladder tissue of each patient (dots), normalized to GAPDH and expressed as fold relative to
median (horizontal lines) of controls. BC, bladder cancer. NC-IC, nonelassic IC. C-IC/nu, classic IC honulcerative lesions. C-IC/u, classic
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We found the same expression pattern for TRPA1
and TRPMS. That is, each was increased only in
nonulcerative lesions of classic IC. TRPA1 is found
in sensory nerve fibers that innervate the bladder
trigone'® and pharmacological blockade of TRPA1
attenuated bladder overactivity in rats with spinal
cord injury.’® TRPMS immunoreactive staining was
observed in the urothelium and afferent nerve fibers
in the human bladder and the number of positive

Table 3. Symptom severity correlated with RNA expression

0SSl OSPI VAS
Gene -
Symbol r p Value r p Value r p Value
TRPA1 0035 0776 0178  0.143 0.228  0.060
TRPM:
2 0.331 0.005% 0.363 0.002* 0316 0.008*
# —0032 0791 0.068 0582 0.003 0983
8 0.017  0.388 015 0202 0.130 0288
TRPV:
1 0.162 0.183 0.289 0.016% 0.185 0.128
2 0.266.  0.027t1 0.339 0.004% 0.516 0.000%
4 —0.291 0.0151 —0.273 0.0231 —0.233 0.055
ASICT~ 0.194 0.109 0.308 0.0107 0.213 0.079
NGF 0.161 0.181 0277  0.021% 0172 - 0.145
CXCLS 0.282 0.019t 0.236 0.051% 0.002 0.983
UPK3A - 0.006 0.966 ~0.103 0.443 —0.061 0.607
#p <0.01.
Tp <0.05.

nerve fibers increased in cases of idiopathic detrusor
overactivity and painful bladder syndrome.?’ A se-
lective TRPMS8 channel inhibited the cold evoked
pain response in mice.?! These observations and our
results indicate that increased expression of TRPA1
and TRPM8 mRNA may be involved in the noci-
ceptive sensitization of classic IC.

TRPM2 mRNA was increased in each portion from
‘patients with classic IC with the most pronounced
increase of all of the TRP channels. To our knowledge
this is the first study showing a relationship between
increased TRPM2 expression and a bladder disorder.
TRPM2 is a Ca?" permeable, nonselective cation
channel that is expressed highly in the brain and
broadly in other tissues, and acts as a sensor for
reactive oxygen species.?? TRPM2 up-regulation in
macrophages and microglia aggravates peripheral
and spinal pronociceptive inflammatory responses,
facilitating inflammatory and neuropathic pain.??
These findings support the view that TRPM2 may
be a primary factor in the proinflammatory neuro-
pathic pain associated with classic IC.

Urinary pH strongly influences IC pain symp-
toms.?* ASICs have emerged as key sensors of
extracellular pH. Recent studies suggest that these
channels have pivotal roles in the pathophysiology
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of the initiation of ihﬂammatim.l, and éhl'bnic pamz5

ASICs were over expressed in the bladder urothe- -

lium and détrusor of rats with cyclophosphamide
induced cystitis'® as well as in bladder biopsy Specl—
mens from patients with bladder pain syndrome.”®

The expression of these channels is induced by in-
flammatory mediators, including NGF, brain-
derived neurotrophic factor, 5-hydroxytryptamine

and bradykinin, leading to the sensitization of -

bladder sensory pathways.

TRPV1 receptors are expressed on urothelial cells
and C fibers,” and they respond to low pH. In the
current study ASIC1 and TRPV1 expression levels
were significantly increased in nonulcerative lesions
of classic but not nonclassic IC. These results are
partially inconsistent with those of a previous study
indicating significant up-regulation of ASIC2a and
ASIC3 but not ASIC1a and TRPV1 mRNA levels in
bladder pain syndrome.?® The discrepancy may be
partly explained by differences in selection criteria.

Several lines of evidence reveal the importance of

TRPV4 channels in bladder physiology and their

possible involvement in bladder overactivity.?’
TRPV4 channels facilitate the micturition reflex by
activating mechanosensitive, capsaicin insensitive
C fibers in rats.’® In our study we detected
decreased TRPV4 mRNA expression levels in classic
IC samples. The reason for the decrease is unclear
but it may be clinically related to the abnormal
bladder filling sensation in patients with IC.

The increase in CXCL9 levels was consistent with
a previous report that CXCL9 together with other
CXCR binding chemokines, such as CXCL10 and 11,
is up-regulated in the bladder tissue of patients
with ulcerative IC.* Serum levels of these sub-
stances are also increased.”® A series of CXCR
binding proteins attracts and stimulates monocytes/
macrophages, and T, natural killer, mast and den-
dritic cells, leading to mucosal inflammation and
tissue destruction.?® Our finding that CXCL9
mRNA was increased in classic but not nonclassic
IC suggests that this chemokine and the resultant
inflammation are events specific to classic IC.

UPKs are barrier proteins expressed by urothe-
lial cells and their expression is altered in 1C.%° We
found remarkable down-regulation of UPKS3A in
classic IC, essentially the same as in a previous
report.® Heavy suppression of UPK3A expression

may be pathognonionic to IC, in that the increased

“permeability of the urothelium enhances the pene-

tration of urinary substances into the bladder wall
and results in inflammatory changes Decreased

 UPK3A expression can be useful as a dlagnostlc
- marker for ulcerative IC.

'All symptom measures correlated with the
expression level of TRPM2 and TRPV2, and partly
with that of TRPV1 and 4, ASIC1, NGF and CXCL9,
supporting the significance of expressed genes in
symptomatic manifestation. It is tempting to antic-
ipate that modulating the expression or function of
these genes, especially TRPM2 and TRPV2, may
alleviate the disabling symptoms of IC. -

Study limitations include the lack of healthy
controls, the unmatched ages of patients with non-
classic IC, the possible effect of treatments used at
the time of sample taking and the undefined patho-
physiological interactions of increased expression of
the mRNAs. We should also consider the possibility -
that the observed inflammatory reactions reflected
physiological réeactions as a defense mechanism, as
well as pathological reactions caused by the disease.
Most importantly, the direct evidence for an
increased amount of gene products and their func-
tion, and the precise localization of the substances in-
bladder tissue should be explored. Further studies
using patients with overactive bladder as a
comparative control, or examining possible changes
along with clinical progression or therapeutic re-
sponses are also warranted in the future.

CONCLUSIONS

This study demonstrated increased expression of
the genes involved in pronociceptive inflammatory
reactions, including TRPM2 for the first time to our
knowledge, and TRPV1, TRPV2, TRPV4, ASIC1,

NGF and CXCL9, in classic IC cases. Different

expression patterns suggest distinet classic and
nonclassic IC pathophysiologies. The genes or their
products are potential candidates for use as bio-
markers or novel therapy targets.
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