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Abstract
Purpose of Review In this manuscript, the literature published in the past 5 years about BPS/IC biomarkers was reviewed. Topics
include BPS/IC biomarkers, the classical BPS/IC diagnostic, clinical outcomes as a new concept of BPS/IC phenotyping
biomarkers, BPS/IC urinary biomarkers, BPS/IC bladder tissue biomarkers and BPS/IC biomarkers outside the bladder.
Recent Findings The importance of patients’ phenotyping and sub-grouping emerged as a way of finding new BPS/IC bio-
markers and treatment. Also, the use of non-invasive methodologies and of artificial intelligence approaches has been gaining
momentum in BPS/IC biomarkers studies.
Summary Biomarker research points to the need of following an approach based on a systemic theory instead of a bladder-
centred theory. Also, the importance of sample size and the choice of controls to validate BPS/IC biomarkers have been elevated.

Keywords Phenotyping . Clinical outcomes . Urinary biomarkers . Bladder biomarkers . Systemic biomarkers

Introduction

Despite significant efforts made in recent years to better un-
derstand bladder pain syndrome/interstitial cystitis (BPS/IC),
there is still a long road ahead of us. The myriad of symptoms
and signs presented by different patients has had a great im-
pact on the management of BPS/IC, starting with the defini-
tion of the pathology itself. Different workgroups have pre-
sented different definitions, including those stating that BPS
and IC are in fact two different pathologies [1]. Nevertheless,
in the great majority, it is commonly accepted that the

diagnosis is of exclusion and patients should refer pain, pres-
sure or discomfort in the abdomen, and at least one lower
urinary symptom [2]. In some cases, further analysis can be
performed to characterize the patients, such as cystoscopy and
bladder biopsies [2].

Until recently, it was commonly accepted that BPS/IC was a
bladder pathology that was associated with the impairment of
the urothelial barrier, which allowed urine molecules to diffuse
into the bladder wall, triggering an inflammatory cascade that
ultimately lead to activation of suburothelial nociceptive fibres,
generating pain and bladder symptoms [2]. Hence, the avail-
able treatments were directed to overcome pain (e.g. oral anal-
gesics or of local application, anti-inflammatories, anticonvul-
sants or tricyclics/antidepressants), to overcome lower urinary
tract symptoms (e.g. anticholinergics/antimuscarinics), to treat
inflammation (e.g. anti-inflammatories and antihistamines) or
to reverse urothelial leakage (e.g. pentosan polysulphate sodi-
um) [3–5]. However, these treatments have proved to have low
efficacy. They are palliative and not curative, particularly be-
cause of the unknown cause of the symptoms.

In recent years, the bladder-centred concept has been
broadened with the hypothesis that BPS/IC is accompanied
by or even results from a systemic imbalance [6]. The black
box representing BPS/IC is no longer centred in the bladder
but encompasses the whole body. This change of concept was
based on different observations, including existence of comor-
bidities [7], changes in the sympathetic nervous system
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activity [8] and pain mapping outside the pelvis [9•]. The
BPS/IC-related systemic hypothesis broadens the spectrum
of signs and symptoms reported by patients that must be
clued-in by physicians. Phenotyping and clustering of pa-
tients, based on the presence of specific biomarkers, are quick-
ly becoming the road that may lead to a phenotype-specific
diagnostic procedure and a more effective treatment aiming to
block the causes of pathology rather than simply managing
complaints. Here, we will review knowledge of BPS/IC bio-
markers, focusing on the past 5 years, and address where the
use of these observations can take us.

BPS/IC Biomarkers

A biomarker is a characteristic that serves as an indicator of
normal biological activity, of a pathological condition or a
response to a procedure/treatment [10]. This characteristic
could be something at a subcellular, cellular, tissue, system
or organ level. Biomarkers can be used in the diagnostic and
monitoring of the disease and the effects of treatment. In ad-
dition, biomarkers are useful to predict the outcome of treat-
ments, to help perform a prognostic, to access the safety of a
treatment and/or to measure the susceptibility of developing
certain phenotype [10].

Identifying the precise pathophysiological mechanisms of
disease facilitates the identification of putative biomarkers. In
BPS/IC, these mechanisms are far from being known. This
may be one of the reasons why the BPS/IC biomarkers field
per se is still under development. Performing a PUBMED
search using the keywords “Bladder pain syndrome” and
“biomarker,” restricted to the last 5 years, returned 50 papers,
17 of which were reviews, 2 opinion papers and 2 did not
focus on biomarkers. However, the shifting from a bladder-
centric theory to a paradigm that accepts BPS/IC is a systemic
condition (still considering bladder complaints) and has
opened new windows of opportunities to find new BPS/IC
biomarkers, to be used to improve patient’s phenotyping.

The Classical BPS/IC Diagnostic

While 2007 ESSIC criteria are used to establish a consensus to
diagnose BPS/IC, one must not forget that these criteria still
include a large spectrum of possible clinical presentations.
Exclusion of organic disorders related to the bladder, urethra
and the remaining pelvic structures is paramount [11]. In this
context, the basic assessment of the patient should include a
thorough collection of the clinical history, with a bladder diary
and a careful physical examination. The urinalysis and culture,
as well as an ultrasound of the bladder, are also usually per-
formed. In cases of complicated BPS/IC, where the pain is
associated with haematuria, incontinence or gynaecological
symptoms, further investigation with bladder cystoscopy,

endoscopy, urine cytology, urodynamics and further imaging
should be made [12].

Although the correct timing to phenotype the patient is
different when comparing guidelines, this classification of
the patient as BPS, without Hunner lesions, or IC, with
Hunner lesions, is important [13]. These are the only presently
known phenotypes and the available treatments are chosen
based on these two phenotypes. Only after the exclusion of
potential confounders, the diagnostic could be confirmed.

Clinical Outcomes as a New Concept of BPS/IC
Phenotyping Biomarkers

Clinical outcomesmay be used as phenotyping biomarkers for
some sub-groups of BPS/IC patients. Walker and co-workers
have demonstrated that low bladder capacity (inferior to
400 mL) was positively correlated with age, higher urinary
frequency and higher scores on Interstitial Cystitis Symptom
Index, Interstitial Cystitis Problem Index and Pelvic Pain and
Urgency/Frequency Patient Symptom Scale [14]. This was
quite promising as these findings were not present in
confoundable diseases such as depression and other systemic
pain problems. Furthermore, Schachar and co-workers
showed that BPS/IC patients with low bladder capacity were
older and exhibited higher levels of both acute and chronic
bladder inflammation [15]. In another study, Mazeaud veri-
fied that BPS/IC patients with low bladder capacity had higher
frequency and nocturia, earlier onset of painful urge during
bladder filling and lower compliance. These patients also pres-
ent more often the IC phenotype [16].

BPS/IC Urinary Biomarkers

A good biomarker is associated with non-invasive techniques,
without any significant bothers to the patients. Hence, because
urine can be collected in significant amounts and without both-
ersome procedures, it has been the source of choice to identify
putative biomarkers. However, one of the limitations in the use of
urine is the number of samples, normally restricted to the number
of patients that researchers have access to. This low number of
samples may not be representative of the disease. To overcome
this, Chancellor and co-workers have recently presented a new
method to overcome such problem [17••, 18]. They have per-
formed a national crowdsourcing study in cooperation with the
Interstitial Cystitis Association to recruit patients [17••, 18]. In
addition to listing a large list of phenotyping biomarkers, such as
symptom severity and urinary frequency questionnaires, urine
samples were collected at home, stabilized and sent to the re-
search institution [17••, 18]. This increased the number of pa-
tients participating in the study, and therefore, the number of the
sample became more representative of the disease. This study
shows that it was possible to use urine samples to assess pheno-
typing biomarkers, complementing clinical outcomes.Moreover,
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investigators were able to standardize the process [17••], which
will positively impact future studies. Chancellor et al. used a
machine learning algorithm, in which urinary cytokines GRO/
CXCL-1, interleukin 6 and interleukin 8were used as biomarkers
to phenotype previously diagnosed groups of patients with BPS/
IC (who presented Hunner lesions), patients with BPS/IC but
without Hunner lesions and controls. The accuracy in phenotype
outcome was 95.1% accuracy [17••]. To further refine patients’
phenotyping, Chancellor and co-workers have validated the re-
sults to predict Bladder Permeability Defect Risk Score and had
an 88.7% accuracy in their phenotype outcome [17••].

Another putative urinary biomarker to phenotype BPS/IC
patients is the macrophage migration inhibitory factor (MIF).
Vera and co-workers showed that this molecule is increased in
the urine of female BPS/IC patients with Hunner lesion when
compared to BPS/IC patients without Hunner lesion or
healthy subjects [19]. However, the urinary values of MIF of
female BPS/IC patients with Hunner lesion were similar to
values observed in male patients with bacterial and radiation
cystitis [19]. As a chronic pain condition, BPS/IC may show
gender-specific pathways [20] but no values from BPS/IC
male patients were reported. Therefore, it would have been
important to demonstrate differences between urinary MIF
concentration between affected men and women to validate
urinary MIF as a biomarker.

One of the most studied molecules as a BPS/IC biomarker
is nerve growth factor (NGF). Recently, Tonyali and co-
workers have demonstrated that urinary NGF normalized to
creatinine levels is significantly correlated with the O’Leary-
Sant IC Symptom and Problem Index scores in BPS/IC pa-
tients [21]. However, Regauer and co-workers did not observe
differences in urinary NGF levels of BPS/IC, with and without
Hunner lesions, from patients with overactive bladder syn-
drome (OAB) and healthy subjects [22]. This discrepancy of
outcomes may be due to differences in the BPS/IC population,
which would indicate that NGF may be a phenotyping or a
predictive biomarker only for a subset of patients. The same
may be true for other molecules. In fact, in a recent study of
theMultidisciplinary Approach to the Study of Chronic Pelvic
Pain (MAPP) Research Network using 40 independent uri-
nary samples from BPS/IC patients, investigators showed that
it was not possible to define a single urinary profile accom-
modating all samples [23]. Hence, it is expectable that differ-
ent BPS/IC patient’s clusters likely present a specific urinary
profile. In fact, in the MAPP Research Network study,
two sub-groups of BPS/IC patients based on urinary
etiocholan-3α-ol-17-one sulphate levels were identified
[23]. Likewise, Jiang and co-workers have analysed
the urine of 127 BPS/IC patients to study the levels
of different cytokines [24]. Although the authors have
clustered the patients according to the ESSIC definition,
it was possible to infer the existence of sub-groups in-
side the clusters.

The chemical composition of the urine may also be used as
a phenotyping biomarker. Capua-Sacoto and co-workers
showed that exposure of neoplastic cell lines to different sam-
ples of urine from BPS/IC patients induced apoptosis in a
manner dependent on the severity of symptoms reported by
patients [25]. However, the investigators did not differentiate
the effects of urine samples collected from patients with
Hunner lesions [25]. Importantly, the apoptosis-inducing
properties of urine from patients with chronic pelvic pain of
gynaecological origin did not correlate with symptom severity
[25], suggesting that the urine apoptotic ability could be used
to differentiate BPS/IC from chronic pelvic pain of
gynaecological origin.

Urinary cations have been proposed as BPS/IC biomarkers.
Argade and co-workers showed that in a population of 51
male patients with BPS/I the urinary higher levels of cationic
metabolites with higher cytotoxicity were significantly higher
compared to controls [26]. However, when these patients were
treated with heparinoid therapy, despite symptom improve-
ment, cationic metabolites remain elevated [26]. This may
indicate that cationic metabolites may be used in the future
as a diagnostic biomarker but not as a predictive biomarker.
One should note that predictive biomarkers must correlate
with clinical outcomes, defined to assess symptomatic im-
provement. When such a correlation does not exist or only
exists partially, it mines the confidence in treatment efficacy.
Jiang and co-workers presented urinary NGF, platelet-derived
growth factor AB, matrix metallopeptidase 13 (MMP-13),
vascular endothelial growth factor (VEGF) and tumour necro-
sis factor-alpha (TNF-α) levels as predictive biomarkers for
repeated intravesical injections of platelet-rich plasma treat-
ment of BPS/IC patients, as these molecule levels vary with
treatment [27]. However, when correlated with the different
clinical outcomes, there was not a pan correlation of all
markers with all clinical outcomes. In fact, in the case of
VEGF and MMP-13, their urinary levels changed even when
no changes occurred in clinical outcomes. These results
prompted different questions such as whether these molecules
are in fact predictive biomarkers, whether the clinical out-
comes were appropriated chosen for this specific study or
whether platelet-rich plasma treatment was ineffective.

Urine has also been shown to be a viable source to evaluate
DNA methylation as a BPS/IC diagnostic biomarker. Bradley
and co-workers have analysed the urine of 19 BPS/IC patients
and 17 controls to assess quantitative DNAmethylation in the
pelleted urine sediment. Samples were age and ethnic group
matched and had adequate DNA for methylation analysis
[28]. The authors observed that genes within or downstream
of the mitogen-activated protein kinase (MAPK) pathway ex-
hibit altered methylation in BPS/IC [28], suggesting that anal-
ysis of levels of DNAmethylation of key genes, including the
pro-survival MAPPK pathway, in cells found in the sediment
may serve as a urinary biomarker.
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BPS/IC Bladder Tissue Biomarkers

Bladder tissue may also be used to assess BPS/IC biomarkers.
Regauer and co-workers have analysed innervation in bladder
biopsies from small groups of BPS/IC patients with Hunner
lesions, BPS/IC patients without Hunner lesion, patients with
OAB and healthy subjects [22]. They have performed immu-
nohistochemistry using the pan-neuronal marker protein gene
product 9.5 (PGP9.5) and determined that BPS/IC patients,
with and without Hunner lesion, but not OAB or healthy con-
trols, presented nerve sprouting in the bladder subepithelial
layer [22]. Curiously, this sprouting was associated with B
lymphocyte marker cluster of differentiation 20 (CD20) over-
expression [22]. Since OAB is one of the BPS/IC confounding
diseases, markers related to this nerve sprouting and lympho-
cytic infiltration may be useful in the future as diagnostic
biomarkers.

More recently, artificial intelligence/bioinformatics ap-
proaches have been used to identify BPS/IC biomarkers.
Saha and co-workers have performed a gene expression anal-
ysis using bladder wall samples of BPS/IC patients with
Hunner lesion and compared with non-malignant bladder wall
samples of the patient that underwent radical cystectomy or
transurethral resection of bladder tumours [29]. The authors
performed an integrated analysis of Gene Expression
Omnibus datasets, followed by the construction of a protein-
protein interaction network using cytoHubba v0.1, and deter-
mined a total of 53 common differentially expressed genes in
the BPS/IC samples [29]. This analysis showed that
haematopoietic cell lineage, immune system and T cell recep-
tor (TCR) signalling in naïve cluster of differentiation 4+ (CD
4+) T cell signalling pathways were prominently involved
with 51 upregulated genes. The two downregulated genes
were involved in linoleic acid metabolism and synthesis of
epoxy and dihydroxy eicosatrienoic acid signalling pathways.
Although complex and requiring validation by classical mo-
lecular biology techniques, this type of approach seems to
allow the identification of putative biomarkers and the identi-
fication of altered signalling pathways which could point to
new key targets for the treatment of BPS/IC. Arai and co-
workers also analysed gene expression in bladder tissue sam-
ples. They compared the levels of miRNA in samples from
control, BPS/IC with and without Hunner lesions and samples
from bladder cancer patients; identifying three transcription
factors, E2F-1, E2F-2 and TUB, the expression of which
was altered only in BPS/IC patients, without specifying which
had Hunner lesions or not [30••]. It is, however, important to
stress the origin of control samples. A recent study showed
that the bladder tissue from cadaveric donors does not routine-
ly yield high-quality RNA needed for downstream gene ex-
pression applications and, therefore, cannot be used as a reli-
able control samples [31]. The confirmation of these results is
important, especially when an increase in expression of genes

is expected in the tissue of the pathological group. Although
the origin of control samples is not clear in Arai and co-
workers’ work, these authors have confirmed their gene ex-
pression analysis through the immunohistochemistry tech-
nique [30••]. Other authors have used bladder samples obtain-
ed from other bladder pathologies as control tissue to perform
gene analysis. Choi and co-workers used as controls bladder
tissue from patients submitted to sling operation for stress
urinary incontinence to study WNT pathway involvement in
BPS/IC but proper validation was not performed [32], al-
though observations were in agreement with data obtained
with animal models of disease [33]. Results seem to indicate
that decreased expression of WNT11 may be used to differ-
entiate BPS/IC patients with and without Hunner lesion [32].
In another study, Cho and co-workers have evaluated changes
in uroplakin expression in the urothelium of BPS/IC patients
with Hunner lesion, using as control bladder tissue from blad-
der cancer patients submitted to radical cystectomy [34].
Despite observations showing that uroplakin-III protein was
significantly upregulated in the urothelium of BPS/IC with
Hunner lesion, the results are not fully conclusive as proper
validation of control tissue was not performed. In fact, the lack
of validations of control tissues might be the major drawback
of bladder tissue analysis. While the ideal control tissue would
be samples obtained from healthy individuals, without any
bladder complaints, this would never be ethically acceptable.

Nevertheless, tissue biomarkers are still valuable tools to
understand the pathophysiological mechanisms involved in
symptom development in the different subtypes of BPS/IC
patients. Furuta and co-workers have demonstrated that the
bladder wall of BPS/IC patients (with and without Hunner
lesion) had higher expression of TNF-α, VEGF, cluster of
differentiation 31 (CD31), transforming growth factor-beta
(TGF-β) and snail family transcriptional repressor 2 (SLUG)
[35], clear indicators of tissue inflammation and angiogenesis.
In fact, CD31 expression was shown to be correlated with
O’Leary-Sant symptom indexes, O’Leary-Sant problem in-
dexes and visual analogue scale pain scores [35]. Curiously,
only BPS/IC patients with Hunner lesions showed increased
expression of mast cell tryptase and collagen and decrease
expression of E-cadherin [35]. The latter is involved in cell-
to-cell adhesion, raising the hypothesis that impaired E-
cadherin expression might be involved in Hunner lesion ap-
pearance. Moreover, mast cell tryptase and collagen are both
involved in the fibrotic mechanism, suggesting their increase
could represent a tissue healing response to the lesions.

BPS/IC Biomarkers Outside the Bladder

In order to identify other putative BPS/IC biomarkers, re-
searchers have looked for sources other than the bladder.
Plasmatic proteins are thought to be good candidates for
BPS/IC diagnostic or, at least, useful to exclude confounding
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diseases. Accordingly, Ma and co-workers showed that plas-
matic TNF-α and macrophage inflammatory protein 1 beta
(MIP-1β) levels were significantly higher in OAB patients
compared with BPS/IC patients, prompting these two mole-
cules as putative biomarkers for disease exclusion [36].

Other studies have focused on the microbiome, as recent
studies demonstrated that changes in the faecal microbiome
are linked to pelvic pain in BPS/IC [37]. Braundmeier-
Fleming and co-workers used faecal samples of BPS/IC pa-
tients and healthy controls and performedmachine learning by
extended random forest to identify operational taxonomic
units by 16S rDNA sequence analysis [38]. This analysis
was complemented by analysis of the clinical outcome obtain-
ed with a questionnaire assessing symptom severity and by
metabolomic pathway analysis [38]. They observed that the
severity of symptoms was linked to a reduced presence of
some bacterial species in stool from BPS/IC patients,
supporting that analysis of the faecal microbiome could be
used as a biomarker [38]. Further studies are needed but, con-
sidering that stool collection and analysis are non-invasive
routine procedures, we anticipate in the near future that, like
urine, the stool will become a relevant source of putative
biomarkers.

Autonomic responses and peripheral catecholamines have
also been investigated as biomarkers as sympathetic hyperac-
tivity is common among BPS/IC patients and though to be a
contributing pathophysiological factor [39]. Kim and co-
workers have evaluated the correlation between symptom se-
verity in BPS/IC patients and autonomic nervous system ac-
tivity. They found exaggerated autonomic responses to

bladder hydrodistention in BPS/IC patients, which correlated
with the severity of symptoms [40]. This study reinforced the
idea that catecholamines may be useful as a follow-up or pre-
dictive biomarkers.

Conclusions: Where Can We Go from Here?

Grouping of BPS/IC patients according to their phenotype is
now seen as the best practice to choose the most adequate
therapeutic approach (Fig. 1). To produce such phenotyping,
specific BPS/IC biomarkers need to be identified and properly
validated. In the past 5 years, an effort has been made towards
this goal. However, there is still a long path to walk. The
design of standard procedures of analyses, with appropriate
controls (negative or positive, as patients with confounding
diseases), is essential for the success of such a complex pro-
cess. To determine which clinical outcomes to analyse, which
samples to use (urine, saliva, blood/plasma, among others),
which complementary analysis should be performed (func-
tional magnetic resonance imaging, for example) will help to
find the best diagnostic, predictive or excluding biomarkers.
Only then it will be possible to study the pathophysiological
mechanisms of the diseases that may lead us, in the future, to
specific effective treatments.

Compliance with Ethical Standards
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Fig. 1 General diagram depicting how the use of biomarkers could
contribute to better management of BPS/IC patients. While urine has
been widely studied as a source of BPS/IC biomarkers, other sources
could be considered. Preference should be given to non-invasive

techniques to avoid bothering patients. Data should be properly
validated so it can be used to design effective tailor-made therapeutic
approaches for improved BPS/IC treatment
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