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Interstitial cystitis (IC)/bladder pain syndrome (BPS) primarily affects women. It varies in its severity and currently has no effective treatment. The symptoms of IC include pelvic pain, urgency and frequency of urination, and discomfort or pain in the bladder and lower abdomen. The bladders of IC patients exhibit infiltration by immune cells, which lends credence to the hypothesis that immune mechanisms also play a role in the etiology and pathophysiology of IC. The Differentially expressed microRNAs (miRs) in immune cells may serve as crucial immunoregulators in the IC. Therefore, we sought to determine whether miRs might play a regulatory role in the progression and pathogenesis of IC, using experimental autoimmune cystitis (EAC) model. In the present study, we observed differential expression of a specific subset of miRs in iliac lymph nodes (ILNs) and urinary bladders (UB) of IC mice compared to that in control mice. Microarray analysis of 96 miRs from the bladder and 135 miRs from ILNs allowed us to identify 50 that exhibited at least a 1.5-fold greater difference in expression in EAC mice compared to control mice. Hierarchical cluster analysis of the microarray data was used to search available databases to predict molecular pathways with which the miRs might interact. Four miRs from each organ that exhibited altered expression in EAC mice and that were predicted to have roles in inflammation (miR-146a, -181, -1931, and -5112) were selected for further analysis by reverse transcription-polymerase chain reaction (RT-PCR). All were confirmed to be elevated in EAC mice. Histological inflammatory scores, systemic chemokines, and cytokines expressed by T helper type 1 (Th1) lymphocytes were also elevated in EAC mice as compared to control animals. We hypothesize that the mechanism of EAC induction might involve the modulation of specific miRs that increase local and systemic levels of chemokines and cytokines. The present study identifies novel miRs expressed in UB and ILNs that will allow us to highlight mechanisms of EAC pathogenesis and may provide potential biomarkers and/or serve as the basis of new therapies for the treatment of IC.




Keywords: microRNAs, autoimmune cystitis, inflammation, urinary bladder, cytokine



Introduction

Interstitial cystitis (IC), also known as bladder pain syndrome (BPS), affects 3.3 to 7.9 million women in the US, a rate 5 times greater than that observed for men, yet its cause remains unknown (1). Many IC patients suffer from psychological stress, anxiety, depression, insomnia, pain, and negative performance. Despite a decade-long effort by the National Institutes of Health (NIH) and other organizations, little progress has been made on developing effective treatments for IC. The development of future treatments will rely on better clarification of the mechanisms and pathogenesis of IC. Current animal models have advanced our understanding of IC pathogenesis, but no model of bladder injury in healthy animals completely mimics the salient features of human IC. Therefore, the development of improved animal models for IC is a specific need that will greatly advance our understanding of underlying IC disease mechanisms and aid in identifying potential novel preventative measures, better diagnostic tools, and safe and effective therapeutic options. The discovery of novel methods of prevention and treatment for IC that are safe and effective would have a tremendous economic effect of >$66 billion (USD) in the U.S. alone (2).

The lack of experimental models that manifest clinical features of human IC hampered research in this area until recently. Given the apparent link between IC and inflammation, we generated experimental autoimmunity models in mice that feature pro-inflammatory T helper 1 cells (Th1) targeted against a specific self-antigen. This concept underlies the creation of useful models for autoimmune encephalomyelitis (EAE) (3), myocarditis (4), and oophoritis (5). To create an autoimmune model for IC, we immunized male and female SWXJ mice with a lyophilized bladder homogenate from SWXJ mice to induce nonspecific systemic bladder autoimmunity and autoimmune complications. The resulting murine experimental autoimmune cystitis (EAC) model is a significant advance in this research field that displays an IC-like phenotype of urinary frequency, pelvic nociception, and histological alterations in the urinary bladder. These alterations represent many of the clinical characteristics of human IC (6), including urinary frequency, decreased urine output per void, several histopathological features such as urothelial cell detachment, and increased bladder permeability with epithelial leakage (7).

The principal etiology of IC appears to involve an increase in the urinary bladder’s local immune response, urinary antibody concentration, and numbers of immune cells (8). In particular, there is an increase in the numbers of mast cells that accumulate below the epithelial layer during experimental and clinical IC (9), producing a variety of cytokines and chemokines that attract neutrophils (10) and T cells (11). Determining the precise role of autoimmunity during IC progression will result in the development of better treatment options. To this end, the detection of differential expression of microRNAs (miRs) in naïve, activated and effector immune cells suggest that miRs may play key roles in immune-cells effector function. It has been shown that miRs are differentially expressed in the human colon during ulcerative colitis (UC), where they serve as negative regulators of inflammation and innate immunity (12). miRs processing is also impaired in conditional KO Dicer mice, which exhibit a defect in T cell development and Th cell differentiation with Th1 polarization (13). Additionally, we have shown that dysregulation of miR-155 induces Th1/Th17 polarization and protects mice from inflammation (14). To the best of our knowledge, no information to date is available for any role of urinary bladder (UB) miRs in an experimental model of IC.

We have shown that CD4+ T cells, mast cells, and neutrophils infiltrated in the UB in two different cyclophosphamide (CYP)-induced models for autoimmune IC, and blocking these pathways reduces the symptoms of IC (7, 15). To extend this study to determine a possible mechanism of miRs action in IC development and progression, we set out to identify and verify the altered set of immune cells derived differential miRs expression in ILNs and UB that might modulate the progression of IC. The identification of specific miRs involved in this process would represent a major leap forward for the IC field. Even more exciting, our data suggest that targeting these sets of altered miRs might represent a novel approach to the prevention and treatment of IC. The findings from this study will help to develop improved treatment protocols for IC and justify future correlative studies to validate the levels of specific miRs for use as a non-invasive biomarker for IC-like conditions.



Materials and Methods


Animals and Ethics Statement

Female SWXJ mice (6-8 weeks old) were purchased from Jackson Laboratory (Bar Harbor, ME, USA) and brought to the University of South Carolina (USC) School of Medicine animal facility. The Jackson laboratory generates SWXJ (H-2QS) mice by mating SJL/J (H-2s) males with SWR/J (H-2q) females and houses them for six weeks before shipment. At the USC facility animals were housed and maintained in isolator cages under normal light and dark cycles in conventional housing conditions to minimize animal pain and distress. The Institutional Animal Care and Use Committee (ICAUC) of the University of South Carolina School of Medicine approved this study from 2014 to 2017. Dr. Singh and a resident veterinarian monitored the pain and distress of mice each day and were prepared to administer analgesics if they had been necessary. Experimental groups consisted of six mice (n=6/group) and each study was repeated three times. In this study, we used a total of 46 mice including 10 mice for making bladder homogenate.



Induction of Experimental Autoimmune Cystitis (IC)

The urinary bladder (UB) from 8-10-week-old female SWXJ (H-2q.s) mice were homogenized in double-distilled deionized water (DW) using a hand tool (Fisher Scientific, USA). The homogenate was centrifuged at 1000g for 10 minutes and the supernatant was lyophilized overnight to reduce the volume of each bladder homogenate to around 100 μL. These homogenates were used to immunize 8-10-week-old female SWXJ mice subcutaneously in the abdominal flank with complete Freund’s adjuvant (CFA) containing 400 μg of Mycobacterium tuberculosis H37RA (Difco, Detroit, MI). A group of similar 8-week-old female mice was immunized with an emulsion containing CFA alone to serve as controls. These mice develop EAC four months after the transfer of the UB homogenate (6). Mouse behavior (pain, grooming, guarding) that could reflect symptoms of IC were monitored twice a week until the experimental endpoint (data not shown). After the experimental endpoint, mice were euthanized by an overdose of isoflurane. Blood was collected to determine levels of systemic chemokines and cytokines by ELISA.



Cell Isolation

At the experimental endpoint, single-cell suspensions were prepared from the iliac lymph nodes (ILNs) and UBs obtained from each group of mice. Cells were dissociated and RBCs lysed with lysis buffer (Sigma St. Louis, MO). After centrifugation, single-cell suspensions of ILNs and UB were passed through a sterile filter (Sigma St. Louis, MO) to remove any debris. Single-cell suspensions were washed twice in RPMI 1640 (Sigma St. Louis, MO) and stored in TRIzol reagent for isolation of total RNAs, as described below.



miRs Isolation and Microarray Analysis

Cells from ILNs and UB were immediately placed in TRIzol reagent obtained from a miRNeasy mini kit (QIAGEN, Valencia, CA). miRs were isolated according to the manufacturer’s instructions and samples were stored at -800C before being sent to the John Hopkins University sequencing core facility for microarray analysis. Total RNA from ILNs and UB including miRNAs was hybridized to an Affymetrix GeneChip high-throughput miR array containing 609 murine probes (Affymetrix, Santa Clara, CA). The data generated from the array were analyzed using hierarchical clustering. All miRs raw data were submitted to Gene Expression Omnibus (Accession number GSE177066; control mice GSM5373940 and EAC mice GSM5373941). By use of ingenuity pathway analysis (IPA) software (Qiagen; www.ingenuity.com), the results from the miRs microarray were analyzed to identify molecular pathways potentially altered by single or multiple miRNAs target genes. In brief, this analysis compares each set of miRs to all available pathways in the database and assigns priority scores based on the predicted strength of the miRs interaction with components of the target pathway.



Validation of miRs Data With RT-PCR

To validate key results from the microarray analysis, four representative miRs from bladder tissue and ILNs (miRs-146a, miRs-181, miRs1931, and miRs-5112) were significantly altered based on microarray results and relevant to inflammation were subjected to further RT-PCR analysis as described in our previous study (16). In brief, miRs were reverse-transcribed (miScript II; Qiagen) to make the first-strand cDNA that was subsequently analyzed by quantitative RT-PCR with primers specific for miRNAs 455 and 101b, respectively (5′ GCAGUCCACGGGCAUAUACAC-3′ and 5′-UACAGUACUGUGAUAGCUGAA-3′). Reactions were performed with SYBR Green Master Mix (Qiagen). The analysis involved initiation at 95°C for 15 minutes then 40 cycles of 94°C for 5 seconds, 55°C for 30 seconds, and 70°C for 30 seconds. All samples were analyzed in triplicate.



Cytokine Measurement by Luminex™ Analysis

Levels of T helper cell-derived cytokines IL-6, MCP-1, INF-γ, TNF-α, CXCL9, and CXCL10 in the serum were determined using a Luminex plex Elissa assay kit (Millipore, Sigma USA). We previously described the detailed method elsewhere (14). In brief, assay buffer containing beads specific for these cytokines and 50 µl of assay beads were added into pre-wet vacuum wells, the assay buffer was removed, and the plate was washed with wash buffer. We added 50 µl of the sample (standard, blank, or mouse serum) to each well and incubated for 1 hour with continuous shaking using a Lab-Line™ Titer Plate Shaker (Melrose, IL). The filter bottom plates were washed and vortexed at 300x g for 30 seconds. Subsequently, 25 µl of anti-mouse detection antibodies were added to each well and incubated for 30 minutes at room temperature. Next, 50 µl of the streptavidin-phycoerythrin solution was added to each well and incubated with continuous shaking for 10 minutes at RT. Finally, 125µl of assay buffer was added to each well, and fluorescence was measured using a Luminex™ System (Austin, TX) and calculated using BioRad software. The Ab BioRad assays were capable of simultaneously detecting >10 pg/ml of each analyte (IL-6, MCP-1, INF-γ, TNF-α, CXCL9, and CXCL10).



Histopathological Examination

Mouse urinary bladders (UBs) were subjected to histopathological examination to detect inflammatory cell infiltrates and signs of IC pathology. UBs were preserved using 10% neutral formalin for 24 hrs and embedded in paraffin. Fixed tissues were sectioned at 6 µm, stained with hematoxylin and eosin, and examined by light microscopy. The inflammatory state of each UB was characterized and scored as follows: having no change when compared with tissue samples from control mice (score = 0); having a few mononuclear cell infiltrates (score = 1); having minimal hyperplasia with a mixture of mononuclear cells (score = 2); having major hyperplasia (score=3) or having major hyperplasia with heavy cellular infiltrates in the sub-mucosa (score = 4).



Statistical Analysis

The traditional α-value (P < 0.01) was used to evaluate statistical significance in this study. The data are expressed as the mean ± SD and were compared using a two-tailed paired student’s t-test or an unpaired Mann-Whitney U-test. The results were analyzed using Microsoft Excel (Microsoft, Seattle, WA) for Macintosh computers. Single-factor and two-factor ANOVA analyses were used to evaluate groups and subgroups, respectively. The Kolmogorov-Smirnov (K-S) two-sample test using CXP analysis software (Beckman Coulter, USA) was used to compute the statistical significance between histograms.




Results


Changes in miRs Expression in Immune Cells During Experimental IC

The function of various genes can be altered by epigenetic regulation mediated by altered miRs expression. To further define the mechanisms of gene regulation during IC progression, we isolated total RNAs from immune cells harvested from ILNs and UB and performed miRs array analysis in the core facility at the Johns Hopkins School of Medicine, MD. Figures 1A, B depicts the heat map illustration of hierarchical clustering analysis based on differentially expressed miRs in the ILNs and UB. This image was generated as a tree showing significant differences between miRs isolated from IC and control mice. We observed a distinct set of altered miRs expression patterns in the mice with IC as compared to the controls, suggesting that dysregulation of miRs in the UB and ILNs may play a role in the development or progression of IC. To the best of our knowledge, this is the first report on changes in miRs expression in UB and ILNs in an experimental mouse model of IC.




Figure 1 | Changes in unsupervised hierarchical clustering of differentially expressed miRs in a mouse model of IC versus normal controls between the urinary bladder and iliac lymph nodes tissue derived immune cells reveal divergent pathways. (A) Heat map of the miRs array done on immune cells from urinary bladder versus control. (B) Iliac lymph nodes vs. control. Red color indicates an upregulation, green color indicates a downregulation, and black color indicate no change. (C) Fold changes in urinary bladder normalized fold change (FC) in a mouse model of IC in Log2 scale. (D) Fold changes in iliac lymph nodes miRs expression normalized FC in a mouse model of IC in Log2 scale.



After global normalization of the raw data, from UB vs control and ILNs vs control, we identified several miRs that were differentially expressed in mice with IC as compared to controls (Figures 1C, D). During IC, several miRs that overlap with disease-associated networks between bladder and ILNs were significantly (>2-fold) up-or down-regulated (Figure 2A). From this profile, we identified a set of altered 50 miRs that are common to both UB and ILNs (Figure 2B). Based on ingenuity pathways analysis, we hypothesize that a specific set of altered miRs might be involved in regulating inflammatory responses during IC in mice (Figure 2C).




Figure 2 | Differentially expressed miRs (DEMs) between the bladder and iliac lymph nodes in a mouse model of experimental IC. (A) Top DEMs diverge between tissue types and controls. (B). Urinary bladder and iliac lymph nodes DEMs share similar distribution with 50 overlapping miRs. (C) Differential expression of miRs in urinary bladder versus iliac lymph nodes. Normalized in Log2 scale FC.



In this study, we observed upregulation of miR-146, which negatively regulates microglial pro-inflammatory cytokines downstream of NF-κB, and miR-148, which is present in T cells from HIV-associated autoimmunity and Crohn’s disease (Figure 3). We also observed overexpression of miR-148, which predisposes the host to autoimmune diseases, including systemic lupus erythematosus (SLE) (17). We have also observed downregulation in the ILNs of miR-181, which exhibits anti-inflammatory effects during inflammation (18–20). Together, these results suggest that IC development and progression may be related to differential expression of a specific subset of miRs that modulate the disease severity and function via various inflammatory pathways.




Figure 3 | Pathway analysis using Ingenuity software during IC development. (A) The upper panel shows miRs associated with the autoimmune degenerative disorder in the urinary bladder and iliac lymph nodes. (B) Top ingenuity pathways analysis (IPA) overlapping disease-associated networks between tissue types in both urinary bladder and iliac lymph nodes.





Validation of Differential miR Expression in UB and ILNs During IC

Next, to validate the alteration of miRs expression in the UB and ILNs during the progression of autoimmune IC. At the experimental endpoint, we isolated the immune cells from UB and ILNs and performed a quantitative RT-PCR analysis to confirm the altered expression of this miRs. In both UB and ILNs, miR-146 and miR-5112 increased by approximately 2.5- and 5-fold, respectively, compared to the levels detected in naïve control animals (Figure 4). We also observed a 5-fold increase in the expression of miR-181 in the UB of mice with IC, but miR-181 levels decreased 3-fold in ILNs (Figure 4). We observed a similar change in miR-1931 in both UB and ILNs, although any immunoregulatory role for miR-1931 has yet to be established. MiR-5112 was also upregulated in both UB and ILNs of IC mice as compared to control mice. Taken together, these data suggest that differential changes in UB and ILNs miRs during IC might be crucial for the disease progression.




Figure 4 | Validation of selected miRs by RT-PCR analysis after IC development. (A) As shown in the figure is quantitative RT-PCR verifying upregulation of miRs-146, -181, -1931, and -5112, in urinary bladder after IC development. (B) Similarly, the relative expression of iliac lymph nodes miRs 146, -5112 are upregulated, while miRs 181, -1931 are downregulated at iliac lymph nodes sites. Data are expressed as mean ± S.E.M. Statistical significance was calculated using the student’s t-test. *P > 0.05 control group alone versus IC group.





Changes in Pro-Inflammatory Cytokines and Chemokines During IC Progression

Levels of the systemic pro-inflammatory cytokines IL-6 and TNF-α levels increased significantly (p< 0.01) in IC mice as compared to control mice. These data suggest that the development of IC is associated with increased levels of systemic inflammation that may further promote immune cell infiltration at the site of inflammation in UB. Furthermore, we observed a significant (p<0.01) increase in different pro-inflammatory chemokines CXCL9, CXCL10, and monocyte chemoattractant protein 1 (MCP1) that regulate the immune cell chemotaxis and infiltration to the site of inflammation, in this case, the UB (Figure 5). This systemic increase in the pro-inflammatory cytokines and chemokines suggests that IC may induce systemic inflammation that may further aggravate the IC symptoms via recruiting pro-inflammatory immune cells. Also, the systemic increase in levels of interferon-γ (IFN-γ) in IC significantly (p<0.01) indicates the systemic activation of immune cells that are responsible for its production and induce inflammation.




Figure 5 | IC induction induces levels of systemic pro-inflammatory and inflammatory cytokines and chemokines. After mice were sacrificed, serum levels of IL-6, MCP-1, CXCL9, CXCL10, TNF-α and IFN-γ were determined by a Bio-Rad ELISA multiplex kit capable of detecting >10 pg/ml of these analytes. The data presented are the cumulative mean concentrations of these cytokines ± in three separate experiments. Asterisks (*) indicate statistically significant differences (p < 0.01) between IC and naïve control groups.





Changes in miRs Expression Correlates With the Severity of IC

It remains to be determined whether IC symptoms are associated with the differential changes in miRs that we observed. In control mice, the stroma of the UB was attached, as manifested by a decrease in UB mass with few leukocytes’ infiltrates (Figures 6C, D). We also calculated a lower disease score in these naïve control mice than that observed for IC mice (Table 1). In contrast, the UB mucosa of IC mice showed pathological findings similar to those seen with clinical IC, characterized by loose connective tissue with extensive mixed leukocyte infiltrates primarily comprised of immune cells like T, mast, and neutrophils (Figures 6A, B). Taken together, these data suggest that differential expression of a subset of miRs may alter the severity of IC in mice.




Figure 6 | Histopathological changes in the urinary bladder of chronic IC development. Urinary bladder histopathological sections from control and IC are shown at different magnifications (A, C, D X40; B, X200). Upper Panels A and B shows sections from IC-induced mice illustrate inflamed bladders characterized by differences in mucosal wall thickness, narrow bladder space, enlargement of the mucosal layer and leukocyte infiltration (arrows in the inset). These histological features of IC model share similarities with clinical IC pathology. Panel C and D shows normal bladder space, no cellular infiltrates, and normal epithelial cells. Representative pictures are from 3 independent experiments using 6 mice in each group. Bar 200 μm (A–D).




Table 1 | Histological evaluation of mice with or without IC.






Discussion

IC is a chronic disease that affects 1-2% of the population that is seen more frequently in women than in men. Various chronic pain conditions, including irritable bowel syndrome (IBS), may also serve as causal factors for IC. The treatment of IC is hampered by the lack of knowledge about the exact etiology and pathogenesis of IC. Despite decades-long efforts by NIH and other organizations, only little impact has been made on the diagnosis, prevention, and/or effective treatment of IC. Therefore, in the present study, we investigated whether the dysregulation of UB and ILNs miRs play any role in the pathogenesis of IC, using the experimental autoimmune mouse model of IC that displays an autoimmune phenotype with histological alterations confined to the urinary bladder. In this study, we demonstrated that during IC progression, a set of miRs exhibited dysregulated expression which correlated with increased levels of inflammatory cytokines and chemokines and with histological changes in the UB, indicating a potential role for this miRs in the pathogenesis of IC.

miRs regulate multiple genes by binding to target mRNAs, thereby controlling the stability and translation of protein-coding mRNAs (21, 22). Further, miRs expressed in many developing peripheral tissues can regulate inflammation (23, 24). In this study, we observed upregulation of miR-146 in the UB and ILNs of IC mice as compared to control mice. It has been shown that miR-146 is highly expressed in the synovial fluid of RA patients and its upregulation is controlled through pro-inflammatory cytokines TNF-α and IL-1α (25). Towards this, we also noticed significantly increased systemic levels of TNF-α in IC mice, an observation that supports the previous finding that miRs-146 expression is the regulator of pro-inflammatory cytokines during chronic inflammatory or autoimmune diseases. Furthermore, TNF-α can induce miR-146 expression via IRAK1 inflammatory pathways (26–28). Hence, we propose that because the miR-146 expression is directly associated with levels of pro-inflammatory cytokines in inflammatory conditions, it might play a role in the induction of IC.

We observed that expression of miR-5112 increased in the UB and ILNs of IC mice as compared to control mice. miR-5112 is upregulated in breast cancer tissues, where it targets the cytoplasmic polyadenylation element-binding protein 1 (CPEB1) that serves as an internal inhibitor of the pro-inflammatory cytokine IL-6 (29, 30). Inhibition of IL-6 expression by CPEB1 mainly involves downregulation of transforming growth factor beta-activated kinase 1 (TAK1) production thereby impacting this inflammatory pathway and phenotype (31). Hence, an increase in the expression of miR-5112 will aggravate inflammation by inhibiting CPEB1 expression to increase IL-6 production. This corresponds well with our finding in the present study that IL-6 is upregulated in IC relative to the control.

Further, we also observed an increase in miR-181 in the UB and ILNs of IC mice compared to the control. MiR-181 plays a pro-inflammatory role in hypoxia/reoxygenation injury through non-receptor tyrosine phosphatase 4 (PTPN4) heart cells (32). MiR-181 also regulates T cell-based immune responses via its crucial role in the activation of CD4+ T cells (33). MiR-181 expression is well correlated with the expression of pro-inflammatory cytokines (IL-β, IL-6, and TNF-α), and its inhibition prevents induction of NF-κB-dependent pro-inflammatory cytokine generation in vitro. Levels of miR-181 are also increased in the cerebrospinal fluid (CSF) of multiple sclerosis (MS) patients, suggesting that it may play a pro-inflammatory and therefore has the potential to serve as a pro-inflammatory marker (34). Taken together, our findings suggest that upregulation of several pro-inflammatory miRs (miR-146a, miR-5112, and miR-181c) in the UB and ILNs in the mouse IC correlates with an increase in levels of IL-6 and TNF-α. Further mechanistic studies to either mimic or overexpress this IC-associated miRs will be required to decode the apparent miR-based regulation of pro-and anti-inflammatory signaling cascades to establish their roles in IC progression. However, these upregulated circulating miRs might also serve as biomarkers of the clinical progression of IC in patients.

Levels of the chemokines CXCL9, CXCL10, and MCP-1, which are involved in the chemoattraction of T cells and monocytes/macrophages at the site of inflammation (29, 35), also increased in experimental IC when compared to normal control mice. In this study, we observed an increase in the systemic interferon-γ (IFN-γ), CXCL9, and CXCL10 in IC, suggesting the activation of a Th1 pro-inflammatory immune response by interaction with CXCR3-expressing immune cells including T cells and macrophages. The increased levels of CXCL9 suggest the infiltration of macrophages in the inflamed UB of IC mice (36). Expression of MCP-1 promotes the recruitment of monocyte/macrophages, effector T cells, and dendritic cells (DC) at the site of inflammation (37, 38), which is consistent with the immune infiltration that we observed in the UB in mice with IC. Hence, infiltration of T cells and monocyte/macrophages in the UB of mice with IC leads to the release of pro-inflammatory mediators (cytokines, IFNs, and chemokines) to induce inflammatory damage and other IC-associated symptoms exhibited by IC patients. The experimental autoimmune IC model that we used in this study mimics many of the clinical (urinary frequency and decreased urine output per void) and histopathological features of human IC. This includes a decrease in bladder urothelial detachment, increased bladder permeability with epithelial leakage, lymphocyte infiltration, fibrosis, and edema (6, 39). However, it would be interesting the investigate the crosstalk between infiltrated immune cells and miRs overexpression during IC progression, because this model shares some of the features with clinical IC and shows promise for a future transitional outcome.

To the best of our knowledge, this report is the first of its kind to demonstrate the dysregulation in the expression of miRs in the UB and ILNs of IC in mice. We demonstrated that the expression of miR-146, miR-5112, and miR-181 increased in UB and ILNs of IC mice. Expression of these sets of miRs is well correlated with systemic pro-inflammatory markers (cytokines, IFNs, and chemokines) and a histopathological score of inflamed UB in mice with IC. It will be interesting to study further the interaction between infiltrated immune cells, expression of tissue miRs, and UBs epithelial cell crosstalk during IC progression. Further studies are also required to explore the use of these sets of miRs as biomarkers for clinical IC. Here we provided our initial findings to investigate the potential role of miRs in the development and progression of IC.
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The UB disease score was determined by histopathological examination at the end of the experiment. UBs were fixed, sectioned at 6 um, and stained with hematoxylin and eosin,
examined microscopically at 10X and 40X magnification, and scored for the severity of IC. The studies were performed in triplicate and the data represent the mean and percent change +
SD. Differences between IC and naive groups were considered significant when p < 0.01 (*).





