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ABSTRACT (241/250 words) 

Toll-like receptor 7 (TLR7) is associated with the pathophysiology of systemic 

lupus erythematosus and Sjögren's syndrome, well-known diseases 

accompanying interstitial cystitis (IC). We studied TLR7-expression in the 

bladder of Hunner type IC (HIC) patients and its functional roles in bladder 

inflammation and nociception using mice.  Bladder biopsy specimens were 

obtained from patients with HIC. Specimens from the non-cancerous portion of 

the bladder of bladder cancer patients served as controls. The specimens were 

examined by immunohistochemistry and RT-PCR of TLR7. Loxoribine (LX), a 

TLR7 agonist, was instilled in the bladder of C57BL/6N female mice, and TLR7 

mRNA expression and histological changes of the bladder, bladder pain-like 

licking behavior, voiding behavior, cystometry, and bladder afferent nerve 

activities were investigated. The effects of hydroxychloroquine (HCQ), a TLR7 

antagonist, on the LX-induced changes on cystometry and voiding behavior 

were studied.  The number of TLR7 immuno-reactive cells and the mRNA 

expression of TLR7 were significantly increased in HIC specimens. Intravesical 

instillation of LX induced edema, congestion, inflammation, and significantly 

increased TLR7-mRNA expression in the mouse bladder. LX-instillation also 
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significantly increased licking behavior, voiding frequency and afferent nerve 

activities associated with decreased single voided volume and intercontraction 

interval of micturitions. HCQ reversed the LX-induced cystometric and voiding 

behavioral changes.  TLR7 was up-regulated in the bladder mucosa of HIC 

patients, and activation of TLR7 in the mouse bladder induced cystitis with 

sensory hyperactivity of the bladder. Blocking the TLR7 pathway may be an 

innovative treatment target of HIC. 

 

Keywords Toll-like receptor 7, interstitial cystitis, bladder pain syndrome, urinary 

bladder, inflammation 
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1. Introduction (353/500 words) 

 Interstitial cystitis (IC) is a chronic disorder characterized clinically by the 

presence of hypersensitive bladder symptoms (discomfort, pressure or pain in 

the bladder, usually associated with urinary frequency and nocturia) [9, 32]. The 

diagnosis can be made after exclusion of other diseases explaining symptoms. 

IC can be further classified by cystoscopic findings: either Hunner type interstitial 

cystitis (HIC) with Hunner lesions or non-Hunner type interstitial cystitis (NHIC) 

with mucosal bleeding after distension in the absence of Hunner lesions [9, 32]. 

A recent study revealed that HIC and NHIC are distinct pathological entities, with 

the former characterized by pancystitis, frequent clonal B-cell expansion and 

epithelial denudation [18]. IC is considered to be a heterogeneous entity with a 

variety of pathophysiological backgrounds [9, 32]. Although the pathogenic 

mechanisms of IC have not been determined, an autoimmune etiology is 

suspected based on female predominance and frequent overlap between IC and 

other known autoimmune disorders, such as Sjögren’s syndrome, systemic 

lupus erythematosus (SLE), rheumatoid arthritis and ulcerative colitis [9, 32]. 

 Toll-like receptors (TLRs) play a crucial role in the innate immune system. 

TLRs are essential receptors in the biological defense mechanisms against 
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external pathogens such as bacteria, fungus, and virus [20]. In humans, a total 

of 10 TLRs have been identified [2]. Among them, TLR7 recognizes single 

strand RNA originated from virus or bacteria, and can release inflammatory 

cytokines and type I interferon [10]. Since TLR7 is expressed in not only immune 

reactive cells but also neurons and glial cells, TLR7 is believed to be associated 

with the development and maintenance of inflammation and pain [13, 16, 23-24]. 

In addition, TLRs specifically recognize Pathogen Associated Molecular Patterns 

(PAMPs) per se [11]. Recent studies demonstrated that TLR7 contributes to 

developments of several autoimmune diseases, such as SLE and Sjögren 

syndrome by recognizing self-nucleic acid as the target [14-15]. As mentioned, 

such autoimmune diseases are often accompanied with IC [31]. Thus, it is 

hypothesized that TLR7 may participate in the pathophysiology of HIC. The aims 

of the present study were to evaluate TLR7 expression in the bladder tissue of 

patients with HIC and to examine the functional roles of TLR7 in bladder 

inflammation and nociception using mice. 

 

2. Methods (1546/no limit words) 

2.1 Investigations using human bladder tissue 

 Bladder biopsy specimens were obtained from 10 HIC patients (3 males 



6 

 

and 7 females, median 71 years old) and 8 patients with diagnosed bladder 

cancer (5 males and 3 females, median 68 years old). Biopsy specimens, 

consisting of urothelium and lamina propria, were obtained from the Hunner 

lesions and from the surrounding mucosa at the time just before hydrodistension 

in the HIC group. Control specimens were obtained from the non-cancerous 

portion of the bladder of the bladder cancer patients at the time of transurethral 

resection of bladder tumor. In this study, the term “background mucosa” means 

the bladder mucosa surrounding the Hunner lesions and which were clearly 

distinguished from the lesions by cystoscopy. Some of the specimens were 

immediately submerged in RNAlater RNA Stabilization Reagent (QIAGEN, Venlo, 

Netherland) and conserved at -20 ℃ to use real-time PCR (RT-PCR). Others 

were fixed in 4% formaldehyde and embedded in paraffin for histological 

examination. Study protocol was approved by the ethical committee of the 

University of Tokyo Hospital (no. 10581), and written informed consent was 

obtained from all study participants. 

 

Immunohistochemistry 

 Five biopsy specimens embedded with paraffin from each of HIC and 
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control groups, were cut 4 µm serial sections for immunohistochemistry. Staining 

was performed automatically with Ventana Benchmark® XT autostainer 

(Ventana Medical Systems, Tucson, AZ, USA), using I-Vew DAB Universal kit. 

Protocol was standard CC1 and primary anti-TLR7 rabbit-monoclonal antibody 

diluted 1:100 (LS-B6308-50, LifeSpan Biosciences Inc., Seattle, USA) was 

applied for 32 minutes. Images of immunostained whole slides were digitized 

using BZ-X700 (Keyence, Osaka, Japan) and quantitative analysis for the 

number of TLR7 immuno-reactive cells was performed by the image analysis 

software (BZ-H3C, Keyence). For each image, both the numbers of all cell 

nucleus and TLR7 immuno-reactive cell nucleus of the whole specimens were 

automatically counted. The rate of TLR7 immuno-reactive cells in all cells was 

determined as % number of TLR7 immuno-reactive cells. 

 

RT-PCR of the human bladder tissue 

 RNA extraction from bladder biopsy specimen was performed using 

RNeasy Mini Kit (QIAGEN). RNA was converted to cDNA using PrimeScript RT 

Master Mix (Takara-bio, Shiga, Japan). Quantitative reverse-transcription PCR 

was performed using Power SYBR Green PCR Master Mix and 7300 ABI Real 
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Time PCR System (Life Technologies, New York, USA). Messenger RNA 

expression was normalized relative to GAPDH. The size of PCR amplicons 

(base pair: bp) and the sequences of the PCR primers used are shown below: 

Human GAPDH (80 bp) forward: 5’-GGTGGTCTCCTCTGACTTCAACA-3’, 

reverse: 5’-GTGGTCGTTGAGGGCAATG-3’, Human TLR7 (98 bp) forward: 

5’-TGGAAATTGCCCTCGTTGTT-3’, reverse: 

5’-GTCAGCGCATCAAAAGCATT-3’. 

 

2.2 Animal Investigations 

 C57BL/6N female mice (mean weight 19.8 ± 0.1 g) were purchased from 

Japan SLC Inc. (Shizuoka, Japan). The animals were housed under standard 

laboratory conditions with a 12:12-hour light: dark cycle and free access to food 

and water. The experimental protocol was approved by the Animal Ethics 

Committee (no. P-14-133) and was in line with National Institute of Health 

guidelines for the care and use of experimental animals. 

 

Drugs 

 Loxoribine (LX), a selective TLR7 agonist, was purchased from TOCRIS 
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Bioscience (Ellisville, Missouri, USA) and dissolved in distilled water. 

Hydroxychloroquine (HCQ), a TLR7 antagonist, was purchased from Tokyo 

Chemical Industry (Tokyo, Japan) and dissolved in saline or 1% tracaganth gum 

for oral administration [8]. 

 

LX-instillation 

 Under an isoflurane-anesthesia, a polyethylene catheter (PE-10; Clay 

Adams, Parsippany, NJ, USA) was atraumatically inserted into the bladder 

transurethrally, and urine was drained before instillation. Next, 100 µL of LX (1.5 

or 4.5 mM) or its vehicle was instilled slowly. Then, the catheter was kept for 60 

minutes, after which the instilled liquid was drained. The doses of LX were 

determined based on a previous study [7] and our pilot investigation. 

 

TLR7 expression on the mouse bladder 

 Mice were sacrificed with an overdose of pentobarbital sodium and the 

bladder was isolated. The bladders were manually divided into mucosal and 

muscle layers under stereomicroscope. Each sample was subsequently 

conserved in RNAlater. To examine mRNA expression changes after 
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LX-instillation, the mouse bladders were isolated and conserved in RNAlater at 

96 hours after LX-instillation. Each conserved sample was analyzed with 

RT-PCR and the size of PCR amplicons and the sequences of the PCR primers 

used are shown below: Mouse GAPDH (86 bp) forward: 

5’-AAGAGGGATGCTGCCCTTA-3’ reverse: 

5’-TTTTGTCTACGGGACGAGGA-3’, Mouse TLR7 (94 bp) forward: 

5’-TGATCCTGGCCTATCTCTGAC-3’, reverse: 

5’-TTAGTTGCTGCGAAGAGTGC-3’. 

 

Frequency volume (FV) measurements  

 Each mouse was placed in a metabolic cage (MCM/TOA-UF001-006, 

Mitsubishi Chemical Medience Corporation, Tokyo, Japan) for 24 hours to adapt 

to the environment before measurement, and voiding behavior for 24 hours was 

monitored as baseline. Then, the mice received intravesical LX or vehicle 

instillation, and were placed back into the cage. They were allowed to adapt to 

the environment again for 24 hours. Thereafter, voiding behavior was monitored 

further 3 days. Thus, in this study, day 1 to 3 as an evaluated period means 24 to 

96 hours after LX or vehicle instillation. In some animals, 100 mg/kg HCQ was 
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orally administered in total 3 times for every 4 hours 1 hour prior to LX-instillation 

(4.5 mM). The dose and timing of HCQ were determined according to the 

hemodynamics of HCQ in mice [8] and our pilot investigation. Voiding frequency 

and voided volume were recorded continuously on a data acquisition program 

(Power Lab: AD Instruments, Sydney, NSW, Australia) for 24 hours. During 

recording, mice were allowed free access to water and food. 

 

Morphological evaluation 

 After FV measurements, the mice were sacrificed; subsequently the 

bladders were isolated and opened at the dorsal side of the bladder neck along 

with midline towards the dome. After macroscopic evaluation, the bladders were 

placed into 4% formaldehyde and paraffin embedded for microscopic evaluation 

with hematoxylin-eosin (H-E) staining. 

 

Bladder pain-like nociceptive behavior 

 Assessment of bladder pain-like behavior in mice was carried out as 

described previously with minor modifications [22, 30]. Each mouse was placed 

under a lucent plastic box and habituated to the environment for 1 hour. Then, 



12 

 

bladder pain-like behavior such as licking or biting of the skin of the lower 

abdomen close to the bladder was monitored on a video-camera for the 

following 30 minutes as baseline. Thereafter, the mice received intravesical LX 

or vehicle instillation, and bladder pain-like behavior was monitored again at 

several time points, which was 2, 24, 48, and 72 hours after instillation. The 

numbers of bladder pain-like behavior were counted by two investigators (KI, 

NA), and the values were averaged. 

 

Cystometry (CMG) measurements 

CMG measurements were performed in mice under a decerebrated and 

unanesthetized condition according to the methods reported previously [33]. In 

brief, under isoflurane anesthesia, a catheter (PE-50, Clay Adams) was inserted 

into the bladder through the dome. The head skin was removed and the skull 

was opened, followed by decerebration at pre-collicular position. More than two 

hours after the surgery, continuous CMG measurement was performed for at 

least 90 minutes with saline-instillation at a rate of 10 µL/min as baseline. Then, 

measurements were repeated with LX- or vehicle-instillation. Intravesical 

pressure and voided volume were recorded continuously on a data acquisition 
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program (PowerLab) and cystometric parameters including basal pressure (BP), 

threshold pressure (TP), maximum pressure (MP), intercontraction interval (ICI), 

and voided volume (VV) were analyzed [3]. All parameters were averaged for 60 

minutes in each session. In separate animals, 0.01 mM HCQ or its vehicle was 

instilled into the bladder for 60 minutes after baseline measurements. Thereafter, 

LX (1.5 mM) with or without HCQ (0.01 mM) was instilled and CMG 

measurement was repeated. The dose and timing of HCQ were determined 

according to our pilot investigation. 

 

In vitro afferent nerve activity measurements 

The procedure was performed according to a published method with 

minor modifications [4, 6]. Whole pelvic organs with surrounding tissues were 

dissected from the mouse body and placed in a recording chamber. The 

chamber was continuously sustained with Krebs solution (118 mM NaCl, 4.7 mM 

KCl, 2.5 mM CaCl2, 25.0 mM NaHCO3, 1.2 mM KH2PO4 and 11 mM glucose) 

and gas (95% O2, 5% CO2). The urethra was catheterized using a PE-50 

catheter attached to an infusion pump to enable distension of the bladder. The 

bladder dome was catheterized by another PE-50 catheter to enable recording 
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of intravesical pressure and allow evacuation of fluid. The ureters were ligated to 

prevent leakage from the bladder. The afferent nerves were carefully dissected 

into fine branches and placed into a suction electrode for recording. The 

electrical activity was pre-amplified with a low noise AC differential amplifier 

(10×) and filtered (60–5,000Hz). A final amplification (10,000×) was used and 

captured by a computer via a power 1401 interface and spike2 software 

(Cambridge Electronic Design, UK). Afferent activities were recorded during 

constant filling CMG with saline at a rate of 3 mL/hour, and filling continued until 

an intravesical pressure of 30 cmH2O was reached. At the beginning of the 

experiments, recording was repeated more than 3 consecutive times at 5-minute 

intervals to confirm reproducibility. The last recording served as the control 

(before) value, subsequently LX (1.5 mM) or vehicle was repeatedly instilled 3 

times with 5-minute intervals and all the 3 cycle recordings were used for 

evaluation. Firing rate of multi-unitary afferent activity was evaluated in relation 

to intravesical pressure. 

 

Statistical analyses 

 All experimental data were expressed as mean ± SEM. Results were 
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analyzed using paired t-test, unpaired t test, Mann-Whitney`s U test, or repeated 

measures ANOVA followed by Dunnett’s post hoc analyses. P <0.05 was 

considered statistically significant. 

 

3. Results (725/no limits words) 

3.1 Investigations using human bladder tissue 

TLR7 expression in the human bladder  

 The urothelium was mostly denuded in Hunner lesions and infiltration of 

lymphocytes and plasma cells into the lamina propria was noted in both Hunner 

lesions and backgrounds of HIC bladder specimens. In immunohistochemistry, 

cytoplasmic expression of TLR7 was observed in the urothelial cells, and 

lymphocytes and plasma cells in the lamina propria of both HIC and control 

group (Fig. 1A). TLR7 staining intensity was relatively weak in the urothelial cells, 

whereas moderate to strong staining intensity was observed in lymphocytes and 

plasma cells. Quantitative analysis showed that the number of TLR7 

immuno-reactive cells in whole specimen was significantly higher in HIC (Hunner 

lesions and backgrounds, p = 0.047 and p = 0.028, respectively) than the 

controls, while there was no significant difference between Hunner lesions and 
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backgrounds within the HIC group (P = 0.347) (Fig. 1B). 

 In RT-PCR, TLR7-mRNA expression in the bladder specimens was 

significantly higher in backgrounds of the HIC group than in Hunner lesions or 

the controls (p = 0.010 and p = 0.001, respectively), whereas there was no 

significant difference in its expression between Hunner lesions and the controls 

(p = 0.286) (Fig. 2). 

 

3.2 Animal Investigations 

TLR7-mRNA expression in the mouse bladder 

 TLR7-mRNA was expressed in both mucosal and muscle layers of the 

treatment-naïve mouse bladder, and its expression significantly increased at 96 

hours after LX-instillation (1.5 or 4.5 mM: N = 4 in each) compared to baseline in 

the mucosal layer (1.5 mM: p = 0.023, 4.5 mM: p = 0.008), but not in the muscle 

layer (Fig. 3). 

 

FV measurements 

 There were no significant differences in voiding frequency or voided 

volume among groups at baseline. In LX 1.5 mM treated animals (N = 11), no 
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significant differences were observed in any parameters compared with either 

baseline or vehicle-treated group (N = 10). In contrast, animals treated with 4.5 

mM of LX (N = 11) showed increased voiding frequency throughout observation 

periods, and a decrease in voided volume at day 2 and day 3 compared with 

baseline. These changes in voiding frequency and voided volume at day 2 and 

day 3 from baseline were significantly greater than those of the vehicle-treated 

group (Fig. 4). Pretreatment with HCQ (N = 8) significantly attenuated the 

increased voiding frequency (day 2: p = 0.024; day 3: p = 0.001) and decreased 

voided volume (day 1: p = 0.019; day 2: p = 0.003; day 3: p = 0.001) provoked by 

4.5 mM of LX-instillation (Fig. 4). 

 

Morphological evaluation 

 Compared with the vehicle-treated group, macroscopic evaluation 

showed that the bladder walls in LX-instillation groups were thickened (Figs. 

5A-C). In addition, histological evaluation with H-E staining showed inflammatory 

cell infiltration, edema, and capillary congestion in the sub-urothelial layer after 

LX-instillation (Figs. 5D-I). 
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Bladder pain-like licking behavior 

 At 2 hours after the instillation, the number of licking behavior 

significantly increased from the baseline in all the 3 groups, but, the increase 

was significantly greater in the LX-instillation groups (1.5 mM: P = 0.010; 4.5 

mM: P = 0.006) than the vehicle-treated group. At day 1 (24 hours after 

instillation), all the 3 groups showed similar recovery of the number of licking 

behavior to the baseline. However, at day 2 (48 hours) in the 1.5 mM of 

LX-instillation group and at day 3 (72 hours) in the 4.5 mM of LX-instillation 

group showed a significant increase in the number of licking behavior once again 

compared with the vehicle-instillation group (Fig. 6). 

 

CMG measurements 

 The percent changes from baseline in ICI and VV were significantly 

greater in the LX-instillation groups (1.5 and 4.5 mM) compare with the 

vehicle-instillation group, and the effect reached plateau at 1.5 mM (Fig. 7A). In 

comparison between HCQ and its vehicle pre-treatment groups on the percent 

changes of ICI and VV before and after an additional LX-instillation (1.5 mM), 

HCQ-pretreatment significantly attenuated the shortening ICI and decreased VV 
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provoked by LX (Fig. 7B). There were no significant differences in percent 

changes of any other parameters evaluated among the groups (data not shown). 

 

In vitro afferent nerve activity of the pelvic nerve 

 During LX-instillation (1.5 mM) into the bladder, mechanosensitive 

multi-unit afferent nerve fiber activities significantly facilitated compared with 

baselines. The increased afferent nerve fiber activities in the LX-instillation group 

were significantly greater than those in the vehicle-instillation group (Fig. 8). 

 

 

5. Discussion (962/1500 words) 

 In the present study, we found increased TLR7-gene expression and 

TLR7 immuno-reactive cells in the bladder biopsy specimens of HIC patients 

compared with the controls. This is, to the best of our knowledge, the first direct 

demonstration of the up-regulated TLR7 expressions in the HIC bladder mucosa. 

The number of TLR7 immuno-reactive cells was increased in both Hunner 

lesions and backgrounds of HIC bladders, while TLR7-mRNA expression was 

significantly increased only in the background but not in Hunner lesions. This 

discrepancy between TLR7 mRNA- and protein-expressions in the Hunner 
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lesions may be partly explained by the finding that the urothelium was often 

denuded in the lesions [18].  

 We also confirmed TLR7-mRNA expression in the mouse bladder, and 

its increased expression in the mucosal layer by intravesical instillation of LX, a 

TLR7 agonist. We further examined the morphological and functional changes in 

the mouse bladder induced by TLR7-stimulation and found that LX-instillation 

induced 1) acute inflammation represented as edema, congestion and 

inflammatory cell infiltration in the bladder suburothelial layer, 2) frequent voiding 

with smaller voided volume per micturition in voiding behavior measurements, 

and 3) increased bladder pain-like behavior. In addition, LX-instillation caused 4) 

shortening intercontraction interval, and 5) facilitating mechanosensitive afferent 

activities on cystometry. Moreover, the increased voiding frequency and 

decreased voided volume induced by LX were counteracted by pretreatment 

with HCQ, a TLR7 antagonist. These results indicate that TLR7 stimulation in the 

mouse bladder can induce cystitis accompanied with facilitation of inflammatory 

nociception and mechano-sensation of the bladder. 

 In a recent clinical study, involvement of TLRs in female patients with 

IC/bladder pain syndrome (IC/BPS) was proposed [27]. In that study, compared 
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to healthy controls, IC/BPS patients had higher levels of plasma inflammatory 

cytokines and greater cytokine-responses to TLR2 stimulation of the peripheral 

blood mononuclear cells. In addition, they revealed that inflammatory responses 

of these cells to TLR4 stimulation were associated with genitourinary pain, 

suggesting a role of TLR4 in painful symptoms of IC/BPS patients. Among TLRs, 

TLR4 has been well investigated in the lower urinary tract, because this receptor 

can recognize lipopolysaccharide of gram-negative bacillus, which is the most 

common cause for bacterial cystitis in the human [29]. Interestingly, in parallel 

with this ligand recognition process by TLR4, TLR7 operates to move its location 

from endoplasmic reticulum to endosome, where TLR7 can activate and 

recognize its ligands [12]. In addition, TLR7 expressing conventional dendritic 

cells can recognize nucleic acid originated from not only virus but also group B 

streptococcus [19]. Therefore, inflammation originating from bacterial infection 

can promote the recognition of the self-nucleic acid via TLR7 signal transduction. 

Furthermore, B-cells play a central role in the pathogenesis of SLE and other 

autoimmune diseases, and stimulation of B-cells via TLR7 leads to proliferation 

of autoimmune B-cells, differentiation to plasma cells, up-regulation of 

co-stimulatory signals, immunoglobulin production, and cytokine secretion [21]. 
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Interestingly, a recent study using immunohistochemical quantification of 

infiltrating inflammatory cells revealed that the pathological feature of HIC is 

characterized by predominant infiltration of lympho-plasmacytic cells with 

frequent clonal B-cell expansion, suggesting that an abnormality in the B-cell 

population may be involved in the pathogenesis of HIC [18]. Given the increased 

expression of TLR7 in human HIC bladders as demonstrated by the present 

study, it is conceivable that TLR7 is a key receptor for initiation and maintenance 

of inflammation of HIC by modulating innate and adopted immunity. 

 TLR7 is expressed in nerve branches and terminals of the skin and 

dorsal root ganglia (DRG) neurons of mice. A recent study demonstrated that 

intradermal injection of a TLR7 agonist immediately increased the number of 

scratching, a nociceptive behavior associated with an itch [17]. In addition, an in 

vitro whole-cell patch clamp recording study in cultured mouse DRG neurons 

showed that the TLR7 agonist induced dose-dependent inward  currents and 

action potentials in DRG neurons [17]. Furthermore, stimulation of cultured 

mouse DRG neurons with a TLR7 agonist can induce the expression and 

production of proinflammatory chemokines and cytokines in supernatant, which 

have previously been identified as mediators of pain hypersensitivity [24]. In the 
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present study, we found that LX-instillation into the bladder can induce bladder 

pain-like behavior biphasically (at 2 hours and 2-3 days after the instillation). We 

also found that LX-instillation immediately facilitated mechanosensitive afferent 

activities in an acute phase (within 2-3 hours). In rodents, at least in rats, it has 

been reported that C-fibers respond to the normal bladder distension as a 

mechanosensor [1]. Taken all together, increased nociception and 

mechano-sensation by intravesical instillation of TLR7 agonist may be mediated 

by hyperactivity of C-fibers of the bladder and DRG neurons innervating the 

bladder. 

 In the present study, we used HCQ as a TLR7 antagonist. Although HCQ 

has been used for an antimalarial drug, its efficacy for SLE has been well 

demonstrated [5, 25]. By blocking the TLR 7 and 9 in plasmacytoid dendritic 

cells, HCQ inhibits interferon-alpha production which plays a crucial role in SLE 

pathogenesis. Moreover, previous studies suggested that HCQ has a protective 

effect against thrombosis and increases survival in SLE patients [26, 28]. Thus, if 

TLR7 contributes to the pathophysiology of HIC, HCQ could become a 

promising therapeutic drug for HIC. 

 The limitations of this study should be addressed. First, the expression 
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of TLR7 is measured in ten HIC patients and not examined in pathologies other 

than HIC. Second, we did not investigate the effects of LX-instillation in the 

mouse bladder for more than 96 hours. Third, the association of chronic 

inflammation with other TLRs in the bladder is not examined.  

 In conclusion, TLR7 was overexpressed in the bladder of HIC patients. 

TLR7-activation in the mouse bladder induced cystitis and facilitation of the 

bladder mechano-sensory and nociceptive pathways. If valid in the 

pathophysiology of human HIC, the preset findings suggest that TLR7 would be 

a promising target for the treatment of HIC. 
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Figure Legends 

Fig. 1  

(A) Representative TLR7 protein expressions by immunohistochemistry of 

the bladder mucosa in control and Hunner type interstitial cystitis (HIC) 

patients  

The squares in the upper panels (A-C, x200) correspond to the lower panels 

(D-F x400). The urothelium is mostly denuded in Hunner lesions (B) and 

infiltration of lymphocytes and plasma cells into the lamina propria are noted in 

both Hunner lesions (B and E) and backgrounds (C and F) of HIC. Cytoplasmic 

expression of TLR7 is observed in the urothelial cells in both HIC and control 

group (A-C) and inflammatory cells in the lamina propria in both Hunner lesions 

(B and E) and backgrounds (C and F) of HIC. These cells in HIC appeared to 

increase in number and to be highly stained (B, C, E, and F).  

 

 (B) The % number of TLR7 immuno-reactive cells in whole specimen by 

quantitative image analysis 

The rate of TLR7 immuno-reactive cells in all cells of the whole specimens was 

defined as % number of TLR7 immuno-reactive cells. *; P <0.05, **; P <0.01: 
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significant differences between groups (Mann-Whitney`s U test) 

 

Fig. 2 TLR7-mRNA expressions in the bladder biopsy specimens of Hunner 

lesions and backgrounds of Hunner type interstitial cystitis (HIC) and 

controls 

*; P <0.05, **; P <0.01: significant differences between groups (Mann-Whitney`s 

U test) 

 

Fig. 3 TLR7-mRNA expressions of the mouse bladder (mucosa and muscle 

layer: N = 4 in each) and these changes at 96 hours after intravesical 

instillation of LX (1.5 or 4.5 mM: N = 4 in each) 

*; P <0.05, **; P <0.01: significant differences from baseline (unpaired t test) 

 

Fig. 4 Changes in voiding frequency and voided volume after intravesical 

instillation of LX (1.5 or 4.5 mM, N = 11 in each), its vehicle (N = 10), or LX 

4.5 mM with oral HCQ administration (N = 8) in mice in frequency volume 

measurements 

#; P <0.05, ##; P <0.01: significant differences from baseline (repeated measures 
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ANOVA followed by Dunnett’s test) *; P <0.05, **; P <0.01: significant differences 

from vehicle-instillation group (unpaired t-test) †; P <0.05, ††; P <0.01: significant 

differences from LX 4.5 mM alone (unpaired t test). 

 

Fig. 5 Representative macroscopic (A-C) and histological (D-I) findings of 

the mouse bladder at 96 hours after vehicle or LX-instillation (1.5 mM or 4.5 

mM) 

Macroscopically, the bladder wall was thickened with edema after LX 1.5 mM (B) 

and 4.5 mM (C) instillation compared with vehicle (A). Histological examination 

with H-E staining showed inflammatory cell infiltration, edema and hemorrhage 

(H and I) in the lamina propria after LX-instillation, but no specific histological 

changes after vehicle instillation (G). Square in the upper panels (D-F, x100) is 

corresponding to the lower panels (G-I, x400), respectively. 

 

Fig. 6 The numbers of bladder pain-like licking behavior before and after 

LX (1.5 or 4.5 mM) or its vehicle-instillation (N = 6 in each group) 

 #; P <0.05, ##; P <0.01: significant differences from baseline (repeated 

measures ANOVA followed by Dunnett’s test). *; P <0.05, **; P <0.01: significant 
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differences from vehicle-instillation group (unpaired t test).  

 

Fig. 7 Percent changes from baseline in intercontraction intervals (ICI) and 

voided volume per micturition (VV) in cystometry measurements in 

decerebrated, unanesthetized mice after LX (o.5, 1.5 or 4.5 mM) or its 

vehicle-instillation (A), and percent changes in ICI and VV after LX (1.5 

mM)-instillation in the presence of HCQ or its vehicle (B) 

*; P <0.05, **; P <0.01: significant differences from the vehicle-instillation group 

(unpaired t test). Ɨ; P <0.05, ǂ; P <0.05: significant difference from the LX 0.5 

mM-instillation group (unpaired t test). 

 

Fig. 8 The effects of LX on the mechanosensitive afferent nerve activities 

of the pelvic nerves in in vitro mice bladder preparations 

After baseline measurements of the nerve activities, the measurements were 

repeated 3 times with LX 1.5 mM (N = 7, n = 37) or its vehicle (N = 7, n = 38) 

instillation.  

#; P <0.05, ##; P <0.01: significant difference from baseline (repeated measures 

ANOVA followed by Dunnett’s test), *; P <0.05, **; P <0.01: significant difference 
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between vehicle and LX 1.5mM, Ɨ; P <0.05, ǂ; P <0.05: significant difference from 

baseline (paired t test). “N” and “n” indicate the number of animals used, and 

number of nerve fibers recorded, respectively. 
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