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Interstitial cystitis/bladder pain syndrome (IC/BPS) remains a clinical enigma. Estimated to
affect over 8 million women globally (3, 19), it is a challenge to diagnose and to treat
effectively, due to an unknown etiology and complex, poorly understood pathophysiology.
Clinical diagnosis is symptom-based, with patients experiencing debilitating chronic pelvic or
bladder pain, pressure or discomfort, along with urinary storage symptoms including
frequency and urgency(10). IC/BPS is also associated with depression and anxiety(8).

Current treatments for IC/BPS are varied, and include diet and lifestyle changes, intravesical
instillations directly into the bladder, oral medications, and as a last resort surgery. Generally,
success rates for therapeutic interventions are modest at best and there is little consensus
with respect to which is the most effective. Intravesical dimethyl sulfoxide therapy has been
widely used for decades, alone or as part of a cocktail in combination with other agents such
as local anesthetics(15). However, long-term outcomes are poorly documented. In a recent
study intravesical DMSO/heparin/hydrocortisone therapy was only moderately effective for
treatment of IC/BPS, with only half (56%) of patients well or significantly improved at 5
years(13). A better understanding of the pathophysiology of this condition could potentially
lead to the identification of novel pharmacological targets and the development of more
successful treatments. As such there has been extensive research focused on unravelling the
underlying mechanisms of IC/BPS. Locally within the bladder wall, known key pathological
changes include urothelium disruption, impaired barrier function and inflammation. These, in
addition to sensitized peripheral and central neural pathways, all contribute to pain and
urinary symptoms(15). There is also convincing epidemiological evidence supporting the link
between IC/BPS and a history of urinary tract infection(16) and activation of the innate
immune system.

Toll-like receptors (TLR) are a family of membrane glycoproteins expressed primarily on cells
of the immune system that act as pattern recognition molecules. They can bind pathogenderived molecules and mediate signaling cascades leading to an inflammatory response(12).
Our understanding of TLRs has expanded greatly from their role in immune cells into their
role in non-immune cells and tissues, and they have become an area of recent interest in
inflammatory disorders of the lower urinary tract. Whilst there has been some focus on TLR7
in IC/BPS, where TLR7 expression was found to be upregulated in bladder biopsies from
Hunner-type (ulcerative) IC patients, and a TLR7 agonist increased expression of TLR7 mRNA
and induced cystitis in mice(11), the field is not well researched. TLR4 is expressed on
urothelial cells(21) and it’s role in mediating inflammation following infection of the bladder
has been well established for some time(2). Schrepf and colleagues have shown that TLR4
inflammatory responses in PBMCs are a marker of widespread pain in IC/BPS(22). However,
until now the role of TLR4 in IC/BPS was not well understood.

In a recent issue of the American Journal of Physiology-Renal Physiology, de Oliveira et al.
(2018) elegantly demonstrate for the first time, and at both a molecular and functional level,
that TLR4 plays a central role in initiating cyclophosphamide-induced bladder dysfunction and
inflammation(9). In this study, convincing evidence is provided that genetic deletion, using
TLR4-/- mice, or pharmacological inhibition of TLR4 with the selective antagonist resatorvid,
prevents dysfunction in micturition and inflammatory events associated with cystitis. This
data directly demonstrates for the first time important etiological information regarding CYPinduced–cystitis, in the increased expression of TLR4 downstream signaling MyD88 and TRIF,
which supports an important role for this receptor.

A key finding, that is possibly somewhat underplayed in the manuscript, is the identification
of a role for TLR4 in normal bladder function, shown in the untreated TLR4-/- mice, which
displayed different voiding profiles with increased frequency of non-voiding contractions. This
suggests that TLR4 signaling impacts the afferent arm of micturition, and it will be interesting
in future studies to determine whether this is via a direct effect on afferent nerves per se or
an indirect effect via the release of mediators from the urothelium, which is a source of
inflammatory peptides and cytokines(14). Since other endogenous ligands can activate TLR4,
including ECM components, heat shock proteins and β-defensins(18), other physiological
roles for TLR4 in normal bladder control may yet be uncovered.

A confounding factor in our progress in understanding the pathophysiology of IC/BPS has
been the limitations of the different animal models employed, recently brought to the
forefront in an excellent review by Birder and Andersson(4). IC/BPS is complex and there are,
as yet, no animal models available that mimic all aspects of the human experience. In the
study by de Oliveira et al. the well-established cyclophosphamide (CYP)-induced mouse
model of acute cystitis was used, in which urotoxicity results in pain-related behavior, altered
micturition patterns and bladder overactivity, as well as inflammation(5, 6), all traditional
features of ICS/BPS. Whilst it is important to acknowledge the limitations of such animal
models, they remain important for the elucidation of important pathological and mechanistic
information, contributing to the big picture of IC/BPS. Interestingly, it is becoming more
widely acknowledged that IC and BPS are two separate disorders, cystitis as an inflammatory
disease and BPS as a pain syndrome, and, as such, information gleaned from the different
animal models may aid this differentiation, to the benefit of future diagnosis and treatments.

Overall, the article by de Oliveira et al. makes a significant contribution to our knowledge of
IC/BPS and potential treatment of the condition. Whilst several immunosuppressive agents
are under investigation as potential treatments for IC/BPS, and some have been trialed(1),
this research opens up an alternative avenue in a field where is a limited arsenal. Blockade
of TLRs is still in the experimental phase, but has great potential, especially given that the
selective TLR4 antagonist used in the de Oliveira et al. study, TAK-242 (resatorvid), has already
been as far as phase III clinical trials for the treatment of severe sepsis(17). This study provides
solid rationale for the use of TLR4 antagonists for IC, and if the positive findings in the mouse
model can be translated into the clinical setting this may be an attractive treatment in an IC
cohort. However, many other agents have failed clinically due to systemic adverse effects,
thus intravesical treatment using an innovative delivery system such as liposome-based
administration may be an attractive avenue to investigate in the basic setting and clinically.
Conversely, systemic factors may play a role in the pathology of some patients or some types
of IC/BPS, particularly BPS, which is now being considered more of a pain syndrome linked to
other co-morbidities such as irritable bowel syndrome(7). The question that now addressing
is whether TLR4 is involved in central pain pathways of BPS and whether blockade of TLR4 will
be effective in patients with these phenotypes. TLR4 have been shown to activate TRPV1
receptors(20), and given the sensory/urgency aspects of IC/BPS, new agents that target the
afferent limb of micturition would be welcome.

Thus IC/BPS is a debilitating condition, yet we have only a limited understanding of the
pathophysiology involved. This has resulted in the current treatments lacking efficacy in many
patients and the need for new treatments acting via novel mechanisms. The demonstration

of a role for TLR4 in IC/BPS opens up possible new avenues for drug development for this
condition.
References
1. Andersson KE, and Birder L. Current Pharmacologic Approaches in Painful Bladder Research: An
Update. International neurourology journal 21: 235-242, 2017.
2. Backhed F, Soderhall M, Ekman P, Normark S, and Richter-Dahlfors A. Induction of innate
immune responses by Escherichia coli and purified lipopolysaccharide correlate with organ- and
cell-specific expression of Toll-like receptors within the human urinary tract. Cellular microbiology
3: 153-158, 2001.
3. Berry SH, Elliott MN, Suttorp M, Bogart LM, Stoto MA, Eggers P, Nyberg L, and Clemens JQ.
Prevalence of symptoms of bladder pain syndrome/interstitial cystitis among adult females in the
United States. The Journal of urology 186: 540-544, 2011.
4. Birder L, and Andersson KE. Animal Modelling of Interstitial Cystitis/Bladder Pain Syndrome.
International neurourology journal 22: S3-9, 2018.
5. Bjorling DE, Beckman M, Clayton MK, and Wang ZY. Modulation of nerve growth factor in
peripheral organs by estrogen and progesterone. Neuroscience 110: 155-167, 2002.
6. Boudes M, Uvin P, Kerselaers S, Vennekens R, Voets T, and De Ridder D. Functional
characterization of a chronic cyclophosphamide-induced overactive bladder model in mice.
Neurourology and urodynamics 30: 1659-1665, 2011.
7. Chelimsky G, Heller E, Buffington CA, Rackley R, Zhang D, and Chelimsky T. Co-morbidities of
interstitial cystitis. Frontiers in neuroscience 6: 114, 2012.
8. Clemens JQ, Brown SO, and Calhoun EA. Mental health diagnoses in patients with interstitial
cystitis/painful bladder syndrome and chronic prostatitis/chronic pelvic pain syndrome: a
case/control study. The Journal of urology 180: 1378-1382, 2008.
9. de Oliveira MG, Monica FZ, Calmasini FB, Alexandre EC, Tavares EBG, Soares AG, Costa SKP, and
Antunes E. Deletion or pharmacological blockade of toll-like receptor 4 (TLR4) confers protection
against cyclophosphamide-induced mouse cystitis. American journal of physiology Renal
physiology 2018.
10.Hanno P, Andersson KE, Birder L, Elneil S, Kanai A, and Pontari M. Chronic pelvic pain
syndrome/bladder pain syndrome: taking stock, looking ahead: ICI-RS 2011. Neurourology and
urodynamics 31: 375-383, 2012.
11.Ichihara K, Aizawa N, Akiyama Y, Kamei J, Masumori N, Andersson KE, Homma Y, and Igawa Y.
Toll-like receptor 7 is overexpressed in the bladder of Hunner-type interstitial cystitis, and its
activation in the mouse bladder can induce cystitis and bladder pain. Pain 158: 1538-1545, 2017.
12.Kawai T, and Akira S. The role of pattern-recognition receptors in innate immunity: update on
Toll-like receptors. Nature immunology 11: 373-384, 2010.
13.Lim YN, Dwyer P, Murray C, Karmakar D, Rosamilia A, and Thomas E. Long-term outcomes of
intravesical dimethyl sulfoxide/heparin/hydrocortisone therapy for interstitial cystitis/bladder
pain syndrome. International urogynecology journal 28: 1085-1089, 2017.
14.Meyer-Siegler KL, and Vera PL. Substance P induced release of macrophage migration inhibitory
factor from rat bladder epithelium. The Journal of urology 171: 1698-1703, 2004.
15.Ogawa T, Ishizuka O, Ueda T, Tyagi P, Chancellor MB, and Yoshimura N. Pharmacological
management of interstitial cystitis /bladder pain syndrome and the role cyclosporine and other
immunomodulating drugs play. Expert review of clinical pharmacology 11: 495-505, 2018.
16.Peters KM, Killinger KA, and Ibrahim IA. Childhood symptoms and events in women with
interstitial cystitis/painful bladder syndrome. Urology 73: 258-262, 2009.

17.Rice TW, Wheeler AP, Bernard GR, Vincent JL, Angus DC, Aikawa N, Demeyer I, Sainati S, Amlot
N, Cao C, Ii M, Matsuda H, Mouri K, and Cohen J. A randomized, double-blind, placebocontrolled trial of TAK-242 for the treatment of severe sepsis. Critical care medicine 38: 16851694, 2010.
18.Rifkin IR, Leadbetter EA, Busconi L, Viglianti G, and Marshak-Rothstein A. Toll-like receptors,
endogenous ligands, and systemic autoimmune disease. Immunological reviews 204: 27-42, 2005.
19.Roberts RO, Bergstralh EJ, Bass SE, Lightner DJ, Lieber MM, and Jacobsen SJ. Incidence of
physician-diagnosed interstitial cystitis in Olmsted County: a community-based study. BJU
international 91: 181-185, 2003.
20.Rosen JM, Yaggie RE, Woida PJ, Miller RJ, Schaeffer AJ, and Klumpp DJ. TRPV1 and the MCP1/CCR2 Axis Modulate Post-UTI Chronic Pain. Scientific reports 8: 7188, 2018.
21.Schilling JD, Martin SM, Hunstad DA, Patel KP, Mulvey MA, Justice SS, Lorenz RG, and Hultgren
SJ. CD14- and Toll-like receptor-dependent activation of bladder epithelial cells by
lipopolysaccharide and type 1 piliated Escherichia coli. Infection and immunity 71: 1470-1480,
2003.
22.Schrepf A, Bradley CS, O'Donnell M, Luo Y, Harte SE, Kreder K, and Lutgendorf S. Toll-like
receptor 4 and comorbid pain in Interstitial Cystitis/Bladder Pain Syndrome: a multidisciplinary
approach to the study of chronic pelvic pain research network study. Brain, behavior, and
immunity 49: 66-74, 2015.

