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ABSTRACT

OBJECTIVE: This study investigated urinary nerve growth factor (NGF) and fractalkine levels in women with overactive
bladder (OAB), as well as diagnostic and/or prognostic roles, and correlation of these urinary biomarkers with symptom
severity of patients.

MATERIALS AND METHODS: Twenty-seven women with OAB and 26 healthy subjects were enrolled. Patients were
diagnosed with OAB based on symptoms, a 3-day voiding diary and a validated Turkish version of the Overactive Blad-
der-Validated 8 (OAB-V8) questionnaire. The urinary baseline levels of NGF and fractalkine were compared between
OAB patients and control group. The Turkish-validated International Consultation on Incontinence Questionnaire Short
Form and OAB-V8 used to categorize patients according to disease severity to assess treatment efficacy. Further urinary
NGF and fractalkine levels were compared before and after antimuscarinic treatment.

RESULTS: Urinary NGF/creatinine (Cr) and fractalkine/Cr were significantly elevated in OAB patients (0.40 + 0.40 ng/
mg and 4.63 + 4.36 ng/mg, respectively) compared to healthy subjects (0.14 + 0.08 ng/mg and 2.00 + 1.29 ng/mg, P =
0.002 and P = 0.005, respectively). Sensitivity and specificity were 85.2%, 65.4% for NGF, and 74.1%, 65.4% for frac-
talkine, respectively. No significant differences in NGF/Cr and fractalkine/Cr compared to baseline (P =0.063 and 0.162,
respectively) were observed after trospium chloride treatment in OAB patients. NGF/Cr and fractalkine/Cr exhibited no
correlations with symptom severity levels.

CONCLUSIONS: Increased urinary NGF/Cr and fractalkine/Cr levels were found in OAB women. However, the sensi-
tivity and specificity were not sufficient for diagnostic use. NGF and fractalkine levels were decreased after treatment
insignificantly, and there was no correlation with symptom severity; therefore their prognostic worth was limited.
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INTRODUCTION

The diagnosis of overactive bladder (OAB), symptom severity grade
and patient screening during treatment are based on subjective ques-
tionnaires or invasive tests, such as urodynamic study [1]. An objective
and noninvasive biomarker for the diagnosis of OAB and the evaluation
of therapeutic outcomes is needed. Therefore, recent researches have
focused on the investigations of possible biomarkers.

Neurotrophins, such as urinary nerve growth factor (NGF), cyto-
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kines and chemokines, are associated with morphological changes in
sensory and motor neurons that innervate the bladder and contribute
to inflammation and afferent sensitization [2, 3]. NGF is a well-docu-
mented candidate biomarker for OAB, but no correlation of NGF with
symptom severity has been reported, and the results of antimuscarinic
treatment on NGF are not clear. Low sensitivity and specificity have
also been reported for urinary NGF [2].

Histological evidence of inflammation in bladder biopsy specimens of
OAB patients has demonstrated that chronic inflammatory processes in
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the bladder might be responsible for the pathophysiology in some OAB
patients, especially women with severe symptoms and who are resistant
to therapy [4-6]. Fractalkine (CX3CL1) is an exceptional member of
the large family of leukocyte-excreted chemokines portraying unique
functional and structural characteristics, and it acts a potential medi-
ator of nociceptive facilitation. Fractalkine has been found to play an
important role as a sole membrane-bound chemokine with a mucin-like
glycosylated stalk where it mediates both chemotaxis and adhesion of
inflammatory cells via its highly selective receptor CX3CR1. Many
chemokines show considerable overlap in their receptor binding, although
several bind with relative specificity. But fractalkine is the only known
ligand for CX3CRI1, binding with high affinity and specificity. Due to
its role in chemotaxis and inflammatory responses, may contribute to
inflammatory-induced sensory changes in OAB [7, 8].

This study primarily evaluated urinary NGF and fractalkine levels in
OAB patients compared to normal women and hypothesized that urinary
NGF and fractalkine contribute to inflammatory-induced changes in
OAB. Secondly, the diagnostic and/or prognostic roles of urinary NGF
and fractalkine as noninvasive urinary biomarkers were investigated
by analyzing the relationship of these factors with symptom severity.

MATERIALS AND METHODS
Study Design

Female OAB patients and healthy women were enrolled to a pro-
spective controlled study after the Institutional Review Board of the
hospital and ethics committee approved the study. Informed consent was
obtained from each individual. The study was performed in adherence
to the Helsinki declaration.

The patients were consecutively selected from outpatients complain-
ing from at least 2 episodes of urgency daily and frequency (> 8 voids
per day) between April 2012 and October 2012. The diagnosis of OAB
was confirmed using a 3-day voiding diary and Turkish validation of
the Overactive Bladder-Validated 8 (OAB-V8) questionnaire. Patients
were diagnosed with OAB if their OAB-V8 score was > 8. The Turk-
ish-validated International Consultation on Incontinence Questionnaire
Short Form (ICIQ-SF) and OAB-V8 discriminated patients according
to disease severity at baseline and after treatment to assess treatment
efficacy. Positive OAB-V8 scores were categorized in two groups
according to symptom severity: 8-13 and > 14 [9]. An ICIQ-SF score
of 8 was the cutoff value to define bothersome urinary incontinence,
and based on a previous study in Turkish women, patients were classi-
fied into two severity levels, < 8 and > 8 [10]. A comparison between
categorized groups before and after treatment was performed, and the
results were also correlated with urinary NGF and fractalkine levels.
Patients were further divided into subgroups according to the presence
or absence of urge incontinence based on the patient’s voiding diary
record as OAB-dry or OAB-wet, age (< 55 years and > 55 years) and
body mass index (BMI <30 and > 30 kg/m?). The control group included
age-matched healthy women (within + 5 years of the OAB patient ages)
with negative urine cultures.

All patients underwent urine culture, uroflowmetry and ultrasound
for the detection of urinary pathology, including infection, total bladder
capacity and post-voiding residual volume. The inclusion criteria were
OAB symptoms duration longer than 3 months without antimuscarinic
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treatment for at least 3 months before; age > 18 years; and the ability to
complete a 3-day voiding diary, OAB-V8 questionnaire and ICIQ-SF.
Exclusion criteria were a post-voiding residual volume of greater than
50 ml, hematuria, urinary tract infection (UTI), suspected interstitial
cystitis, neurogenic bladder, vaginitis, cystocele or pelvic prolapse,
urothelial carcinoma, urolithiasis, history of pelvic radiation or uro-
logic surgery, botulinum injection to bladder, the use of intermittent
self-catheterization, any disorder (e.g., allergic, neurological, renal,
hepatic, psychiatric or metabolic diseases), physiological conditions
(e.g., pregnancy, nursing or menstruation), current treatment with potent
CYP3A4 inhibitors, macrolide antibiotics, antifungal agents, diuretics or
NSAIDS and any condition that is a contraindication for anticholinergic
treatment, including uncontrolled narrow-angled glaucoma, urinary
retention or gastric retention.

All OAB patients received antimuscarinic therapy using trospium
chloride 45 mg/daily, which is routinely used in clinical practice, for 1
month. Urinary levels of NGF and fractalkine were compared between
patients and the control group and subgroups of women with OAB at
baseline. Urinary NGF and fractalkine levels were compared before
and after antimuscarinic treatment in OAB patients.

Biochemical analyses

Midstream urine samples were collected at the first sensation of
filling into sterile urine collection tubes in patient and control groups
at baseline and 1 month after treatment. Urinalysis was immediately
performed on each sample to confirm the absence of complicating fac-
tors, such as pyuria, bacteriuria or hematuria. Each urine sample was
centrifuged at 3000 g for 10 minutes, and the supernatant was aliquoted
in 1.5 ml microcentrifuge tubes and stored at -80°C until analysis. The
urinary creatinine (Cr) concentration was determined in each sample
using the kinetic Jaffe method in an Olympus 2700 analyzer (Beckman
Coulter, Inc., CA, USA). Urinary NGF levels were measured using a
B-NGF enzyme-linked immunosorbent assay (ELISA) kit (RayBiotech,
Inc., GA, USA), according to the manufacturer’s directions. The limit
of detection of this test was < 14 pg/ml. The intra- and inter-assay
coefficients of variability were < 10% and < 12%, respectively. A
commercial ELISA kit (Aviscera Bioscience, Inc., CA, USA) measured
urine fractalkine levels. The limit of sensitivity of this assay was 0.15
ng/ml. The intra- and inter-assay coefficients of variability were 4-6%
and 8-10%, respectively. The urinary concentrations of B-NGF and
fractalkine were normalized to the concentration of urinary Cr, and the
results are expressed as ng/mg of Cr.

Statistical analyses

SPSS 20.0 (SPSS Inc. Chicago, IL, USA) was used for all analyses.
The normality of the variables was evaluated using the Kolmogorov
Smirnov test. Continuous variables are presented as means and standard
deviations. Independent samples t-tests were used to analyze quantitative
data. Paired samples t-tests were performed for repeated measurements.
Correlation analyses were performed using the Pearson correlation
test. The clinical performances of all parameters were measured using
receiver operating characteristic (ROC) curves and logistic regression
analyses. A P value less than 0.05 was considered statistically significant
for all analyses.
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RESULTS
Analysis of baseline values

Eleven of the 38 patients were excluded from the study. The rea-
sons for exclusion were treatment discontinuation, drug side effects,
and recurrent UTI during treatment. The urine samples of 27 OAB
women and 26 control subjects were evaluated for the study. The mean
ages were similar between patients (51.67 + 13.27 years) and healthy
individuals (48.42 + 13.22 years) (P = 0.377). The means of OAB-V8
(28.0 £ 6.86) and ICIQ-SF domain scores (9.93 + 5.60) at baseline
were typically elevated, and these elevations were compatible with the
symptom severity in women with OAB.

Respective mean NGF/Cr and fractalkine/Cr levels in urine were 0.40
+ 0.40 ng/mg and 4.63 + 4.36 ng/mg in OAB patients and 0.14 + 0.08
ng/mg and 2.00 + 1.29 ng/mg in healthy subjects. Significantly higher
urinary levels of secreted NGF/Cr and fractalkine/Cr were detected in
the OAB group compared to controls (P=0.002 and 0.005, respectively).

NGF/Cr and fractalkine/Cr values in urine were significantly elevated
10.36-fold (95% CI =2.86-41.24; P =0.0001) and 5.40-fold (95% CI =
1.66-17.57; P = 0.005), respectively, in OAB women compared to the
control group. No significant differences in questionnaire scores, NGF/
Cr and fractalkine/Cr levels according to age, BMI and OAB type (dry or
wet) were observed within the OAB group, except significant difference
in ICIQ-SF scores between OAB-dry and OAB-wet group (Table 1).

The area under the ROC curve (AUC) for NGF/Cr (AUC = 0.753;
95% CI = 0.617-0.889) was higher than the AUC for fractalkine/Cr
(AUC =0.697; 95% CI = 0.553-0.842) (P = 0.002 vs. 0.014) (Fig. 1).
A cutoff value of <0.12 ng/mg for NGF/Cr provided a sensitivity of
85.2% and a specificity of 65.4% (positive predictive value: 71.9%,
negative predictive value: 81.0%), and the most effective threshold
value was 2.00 ng/mg for fractalkine/Cr, with a sensitivity of 74.1%
and a specificity of 65.4% (positive predictive value: 69.0%, negative
predictive value: 70.8%). We noted particularly higher sensitivity and
positive and negative predictive values for NGF/Cr.

Table 1. NGF/Cr and fractalkine/Cr levels and scores of questionnaires of the OAB group according to age, BMI and OAB type (dry or wet).

<55yr >55yr BMI (< 30) BMI (> 30) Dry Wet
no: 17 no: 10 no: 13 no: 14 no: 4 no: 23
NGF/Cr Mean + SD 03704 0.44 £ 0.41 0.27 £0.26 0.52+0.48 0.28+£0.12 0.42+043
(ng/mg)
P value 0.940 0.062 0.918
Fractalkine/Cr Mean = SD 4.23+4.04 531+5 3.33+2.86 5.84 £5.21 3.44 £2.42 4.84 +4.62
(ng/mg)
P value 0.393 0.065 0.785
ICIQ-SF Mean + SD 8.35+5.59 12.6 £4.74 777 £5.73 11.93 £4.84 00 11.65 £ 4.01
P value 0.101 0.06 0.002
OAB-V8 Mean + SD 26.94 + 6.46 29.8+7.48 27.23 £ 7.66 28.71 £ 6.22 28.25+7.27 27.96 + 6.95
P value 0.151 0.644 0.973

Table 2. The comparison of baseline and after treatment levels of NGF/Cr and fractalkine/Cr and scores of questionnaires.

Baseline After Treatment P value
NGF/Cr (ng/mg) Mean + SD 0.40 £ 0.40 0.23+0.18 0.063
Fractalkine/Cr (ng/mg) Mean + SD 4.63 +4.36 3.23+2.29 0.162
OAB-V8 Mean + SD 28.0 + 6.86 16.93 +9.27 <0.0001
ICIQ-SF Mean + SD 9.93 + 5.60 474 £4.25 <0.0001

Analysis of therapeutic outcome

No significant differences in NGF/Cr and fractalkine/Cr levels were
observed after treatment compared to baseline levels (P = 0.063 and
0.162, respectively). In contrast, a statistically significant difference
in both OAB-V8 and ICIQ-SF scores was found between the baseline
and after treatment groups (Table 2). Urinary values of NGF/Cr and
fractalkine/Cr decreased slightly with treatment, but this reduction was
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not correlated with significant improvements in questionnaire scores
(Fig. 2A-D). Treatment-related changes in OAB-V8 scores correlated
significantly with changes in ICIQ-SF scores (Fig. 2E). Significant
correlations were observed in urinary NGF/Cr and fractalkine/Cr lev-
els at baseline and after 4 weeks of treatment (Fig. 2F). NGF/Cr and
fractalkine/Cr exhibited no correlations with symptom severity levels
in subcategorized groups of OAB-V8 and ICIQ-SF questionnaires
in terms of differences and changes between the baseline and after
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treatment (Table 3).

DISCUSSION

The search for biomarkers for the diagnosis and assessment of
therapeutic outcomes in OAB has been emphasized. However, several
factors need to be investigated prior to the application of any reliable

urinary biomarker: the role of neuronal and nonneuronal pathways; the
underestimated role of inflammation; the use of present urinary bio-
markers for diagnosis and follow-up; patient classification according to
questionnaires, symptom severity, urinary biomarkers and risk factors;
the lack of response to medical treatment in some women; the role of
inflammation in the resistance to antimuscarinic therapy. No ultimate
solutions to these issues presently exist.

Table 3. The correlation of NGF/Cr and fractalkine/Cr with symptom severity levels in subcategorized groups of OAB-V8 and ICIQ-SF question-
naires in terms of differences and changes between the baseline and after treatment.

OAB-V8 (8-13) OAB-V8 (>14) P value ICIQ-SF (<8)  ICIQ-SF (>8)  Pvalue
NGF/Cr Baseline 0.32+0.28 0.45 + 0.47 0.435 0.37+0.32 0.47 +0.60 0.607
ng/m
(ng/mg) After treatment 0.22+0.18 0.24+0.18 0.796 0.25+0.19 0.15+0.11 0.203
Difference -0.11+£0.34 -0.21 £ 0.52 0.559 -0.12£0.40 -0.31£0.59 0.340
Difference P 0.302 0.124 0.436 0.211
Fractalkine/Cr  Baseline 4.00 + 2.83 5.07 £5.20 0.553 4.77 £4.00 4.25 +5.60 0.794
ng/m
(ng/mg) After treatment 287214 348 £2.42 0.502 348244 2.53+1.76 0.357
Difference -1.14 £ 3.68 -1.58 £ 5.93 0.862 -1.29 £ 5.05 -1.72 £ 5.45 0.850
Difference p 0.330 0.330 0.268 0.200
is controversial. CRP is also hardly detectable in urine. Prostaglandins
1,0 and CRP correlate with OAB symptom severity, but these molecules
’/’ -
—_—_ - do not show any independent prognostic benefit [2, 13-15].
0,87 //, - NGF is the most investigated urinary biomarker. Higher levels of
- / / NGF were measured in animal models of detrusor overactivity, and
-"g 0,6 /,’ — —— Fractalkine/cR(ngimgcr)  acute and chronic intravesical NGF administration provoked OAB,
= /,I ————NGFICR (ng/mgCr) and NGF inhibition decreases the frequency of bladder contractions in
g 04 [ Referenceline experimental bladder inflammation models [16]. Urinary NGF levels
n [/ are higher (12-fold) in women with OAB compared to normal controls,
0.2 and an 8-fold increase was calculated in women complaining of urgency
urinary incontinence compared to women without urinary incontinence
0.0 ; I | [2, 17]. However, another study reported an opposite conclusion; urinary
0.0 0|2 04 06 08 10 NGF/Cr was higher in OAB patients compared to healthy volunteers,

100-Specificity

Figure 1. The area under AUC for NGF/Cr and fractalkine/Cr.

Not all women with OAB demonstrate detrusor overactivity in the
urodynamic test, and the invasiveness of this test restricts its routine use.
In one study, 44% of women with urgency had detrusor overactivity,
but 58% of women with urgency and urge incontinence had detrusor
overactivity [1]. Measurement of bladder wall thickness was suggested
as anoninvasive alternative test. However, studies on the potential value
of bladder wall thickness measurements are contradictory [11, 12].

The presence of elevated levels of proteins and inflammatory biomark-
ers in urine suggests a role for inflammation in OAB. Therefore, studies
have focused on C-reactive protein (CRP), prostaglandins, neurotrophins,
cytokines and chemokines. Urinary prostaglandins, which are triggered
by detrusor muscle stretch, mucosal damage or inflammation, modulate
the activity of bladder nerves. But, the role of urinary prostaglandins
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but the difference was not statistically significant, and the sensitivity
and specificity were lower [18, 19]. Birder and colleagues did not ob-
serve elevated NGF levels in bladder biopsies, and they failed to show
an association between elevated NGF concentrations in urothelium
and detrusor overactivity [20]. Although there is a verified interaction
between urinary NGF and sensory fibers, the levels of NGF in urine
might not correlate well. Up to one-third of OAB patients exhibit normal
urinary NGF values at baseline in some cohorts. Therefore, significant
proportions of OAB patients without raised urinary NGF levels reduce
the sensitivity of NGF as a potential biomarker [21]. Another possible
reason for low sensitivity and specificity of urinary NGF levels might
be as a result of varying whether the urine was collected from an emp-
ty or a full distended bladder [2]. Additionally, NGF is released from
various cells; including urothelial cells, smooth muscle cells, and mast
cells caused by inflammation, obstruction, or denervation. Moreover,
the precise mechanisms by which urinary NGF promotes OAB are
not yet defined, and its levels might be related to activities of P2X3
and TRPV1 receptors that modulate bladder function. The sensitivity
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and specificity of NGF and fractalkine were not high enough for ideal
diagnostic urinary biomarker in our study, but ROC analysis indicated
that NGF was more valuable than fractalkine clinically.

A suitable biomarker should be correlated with OAB severity. Liu
and coworkers classified patients’ severity of urgency as 0-4, and re-
ported significantly higher levels of NGF/Cr in women with scores of
4 compared to scores of 3 or lower [17]. Antimuscarinic treatment and

botulinum injection decrease urinary levels of NGF significantly, and
this reduction is correlated with reduced symptom severity. Withdrawal
of the therapy also reversed treatment-induced changes [18, 22, 23].
Significant reductions in OAB-V8 and ICIQ-SF domain scores were
observed after treatment in our study, but these differences were not
correlated with NGF/Cr and fractalkine/Cr levels.
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Figure 2. Urinary values of NGF/Cr and fractalkine/Cr decreased slightly with treatment, but these values did not correlate with significant
improvements in questionnaire scores (A-D). Treatment-related changes in OAB-V8 scores correlated significantly with changes in ICIQ-SF
scores (E). Significant correlations were observed in changes in urinary NGF/Cr and fractalkine/Cr levels between the baseline and after 4

weeks of treatment (F).

Urinary NGF levels may be a potential biomarker for the diagnosis
of OAB. However, a recent review noted that NGF alone could be
insufficient as a urinary marker for OAB due to the numerous sensory
neurotransmitters and inflammatory substances that also likely play
important roles [21]. Another systemic review revealed a tendency to
produce overly optimistic estimates of NGF test accuracy [24].

NGF modulates urothelial responses to inflammation by altering pain
signaling. Therefore, increased urinary NGF levels in women refractory
to antimuscarinic treatment may be related to chronic inflammation [25].
Bladder biopsies have demonstrated histological evidence of inflamma-
tory changes in OAB in the absence of urinary tract infection [5]. Basic
research has implied that bladder inflammation might be augmented
and could cause sensitization via the release of chemokines in the
suburothelium [3, 4]. Gap junction interactions between suburothelial
myofibroblasts, urothelium and detrusor smooth muscle cells may be
altered by cytokine expression, and OAB can be an inflammatory pro-
cess in the bladder [3, 4]. The presence of elevated urine cytokine and
chemokine levels may support the relationship between inflammation
and afferent nerve sensitization [26, 27].

Approximately 50 different types of human chemokines that are
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responsible for the autocrine, paracrine and endocrine signaling in the
bladder have been investigated at basal levels, but some of these factors
are expressed at higher levels in urinary tract inflammation [2, 11, 26].
Tyagi et al. suggested that different inflammatory pathways were activated
following UTI vs. OAB according to their findings of elevated levels of
monocyte chemotactic protein-1 (MCP-1), macrophage inflammatory
protein, CXCL1 and CXCLS in the urine of OAB patients without
UTIs [3]. Ghoniem et al. measured urinary cytokines in OAB patients
compared to normal subjects and UTI patients [27]. These authors hy-
pothesized that the secretion of these substances from smooth muscle
cells in detrusor overactivity and the production of proinflammatory
cytokines in response to high level of MCP-1 may irritate the detrusor
interstitial cell of Cajal-like cells located in the urothelium. The relative
fold-change of fractalkine in OAB patients compared to control group
was as low as 0.99 in their study (P = 0.64) [27]. Baseline urinary NGF
(10-fold) and fractalkine (5-fold) levels were highly expressed in our
OAB patients compared to controls. No statistically significant decrease
was noted after treatment, but an insignificant difference in NGF levels
(P =0.06) compared to fractalkine was observed. This result may due
to an insufficient number of OAB patients in our study.
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The increased expression of fractalkine in urinary bladder after
cyclophosphamide-induced cystitis has been observed previously [8].
These authors hypothesize that chronic bladder inflammation may alter
micturition reflexes and sensory processing via the release of fractal-
kine, in addition to its roles in chemotaxis and inflammatory responses
[8]. The therapeutic potential of targeting fractalkine or its single and
highly selective chemokine-receptor (CX3CR1) has been reported, but
no therapeutics are in use clinically [7].

Some investigations have focused on urinary NGF levels in patients
refractory to antimuscarinic treatment as a potential biomarker to as-
sess therapeutic outcomes objectively. This type of tool may also be a
prognostic indicator and could identify patients who may respond to
certain treatments [21, 23]. Responders to antimuscarinic therapy exhibit
significantly improved urinary symptom scores and a corresponding
decrease in urinary NGF levels, but the reduced NGF levels remained
significantly higher than controls [21]. These authors stated that the
complex pathophysiology of OAB may be multimodal and could in-
volve several neurotransmitter and inflammatory pathways [21, 25].
Our results were not compatible with the literature and changes before
and after therapy in OAB-V8 and ICIQ-SF questionnaires were not
correlated with NGF/Cr and fractalkine/Cr levels.

This study has some limitations. The enrollment numbers were
small due to high cost of ELISA kits which is a common problem of
similar studies, and follow-up after treatment was short. Number and
the distribution of wet and dry patients were not sufficient to make any
conclusion. We did not investigate asymptomatic urinary tract infection
during anticholinergic treatment, and any asymptomatic urinary tract
infection may alter anticholinergic responses and urinary NGF and
fractalkine levels.

CONCLUSIONS

In summary, we found higher NGF and fractalkine levels in OAB
women, which demonstrates the role of alterations in the sensitivity
of afferent nerves and bladder inflammation. However, the sensitivity
and specificity were not sufficient for routine use in OAB diagnosis.
An ideal biomarker must have a high level of specificity and sensitiv-
ity and a clear association with OAB severity and outcome. Patients’
symptoms improved following antimuscarinic therapy, but NGF and
fractalkine levels were not correlated with symptom severity, and their
prognostic and follow-up usages were restricted. No ideal biomarker for
use in clinical practice can be recommended. Therefore, a multimarker
approach that combines several biomarkers, such as neurotrophins,
cytokines and chemokines, might be an option for the detection and
monitoring of OAB due to the alterations in urinary levels of these
factors under different conditions and across patients.
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