Int Urol Nephrol (2014) 46:341-347
DOI 10.1007/s11255-013-0540-x

UROLOGY - ORIGINAL PAPER

Urinary brain-derived neurotrophic factor: a potential biomarker
for objective diagnosis of overactive bladder

Long-wang Wang + Xiao-min Han -
Chao-hui Chen - Yan Ma - Bo Hai

Received: 18 June 2013/ Accepted: 14 August 2013 /Published online: 28 August 2013

© Springer Science+Business Media Dordrecht 2013

Abstract

Purpose To investigate the diagnostic performance of
urinary brain-derived neurotrophic factor (BDNF) and
nerve growth factor (NGF) as potential biomarkers for
overactive bladder (OAB).

Methods Ninety women diagnosed with OAB and 45
normal controls without OAB were enrolled. Urine sam-
ples were collected from all subjects. Urinary BDNF and
NGF levels were measured using enzyme-linked immu-
nosorbent assays. Results normalized by urinary creatinine
(Cr) levels were compared between OAB groups and
controls. Symptom severity was assessed using overactive
bladder symptom score.

Results Urinary BDNF and NGF levels were elevated in
OAB groups but not in controls. Mean (SD) baseline
BDNF and NGF levels normalized by Cr levels were sig-
nificantly higher in OAB subjects than in controls
(20.609 4 23.932 vs. 1.779 £ 0.729, p < 0.01) and
(0.258 + 0.264 vs. 0.081 % 0.028, p < 0.01), respectively.
Urinary BDNF/Cr levels were 80-fold higher than NGF/Cr
levels in OAB subjects. Receiver operating characteristic
curves for assessing urinary BDNF/Cr levels in OAB
groups showed sensitivity and specificity of 93.33 and

Long-wang Wang and Xiao-min Han contributed equally to this
study.

L. Wang

Department of Urology, The Second Affiliated Hospital to
Nanchang University, Nanchang 330006, People’s Republic
of China

X. Han - C. Chen - Y. Ma - B. Hai (IX)

Department of Urology, Union Hospital, Tongji Medical
College, Huazhong Unicersity of Science and Technology, 1277
Jiefang Avenue, Wuhan 430022, People’s Republic of China
e-mail: bohai234 @yeah.net

88.89 %, respectively. Urinary BDNF levels were associ-
ated with OAB symptom severity.

Conclusions Urinary BDNF/Cr levels are elevated in
women with OAB and are significantly associated with
symptom severity. No elevation of BDNF is found in
women without OAB. BDNF analysis has better sensitivity
than NGF in detecting OAB in subjects without other lower
urinary tract disorders. Results of the present study suggest
a potential role for BDNF as an objective biomarker for
OAB diagnosis.
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Introduction

Overactive bladder (OAB) is one of the most common
female urinary tract disorders, and it negatively affects
women’s health-related quality of life, leading to anxiety,
depression and treatment seeking [1]. The overall preva-
lence of OAB in women is reported to be 16.9 % in the
USA [2].

The International Continence Society (ICS) defines
symptomatic OAB as urinary urgency with urinary fre-
quency and nocturia, with or without urge incontinence, in
the absence of pathologic or metabolic factors [3]. Clinical
diagnosis of OAB depends mainly on self-reported sub-
jective symptoms such as urinary urgency and frequency,
although other possible causes of these symptoms must be
ruled out. Based on patients’ self-reports alone, it can be
difficult to clinically identify patients who have increased
bladder sensation or detrusor overactivity from patients
who have OAB. While noninvasive urodynamic tests such

@ Springer



342

Int Urol Nephrol (2014) 46:341-347

as residual urine measurement and invasive tests such as
cystometry or videourodynamics may provide objective
evaluation of the functional status and efficiency of the
lower urinary tract [4], the role of urodynamics in the
setting of OAB is not well defined [5]. An objective and
noninvasive test method to diagnose OAB and assess
therapeutic outcomes is still evolving.

Experimental and clinical evidence has suggested a role
for neurotrophic factors in the bladder and micturition
pathways [6]. Fairly, recent studies have shown that NGF is
higher in OAB subjects than in healthy subjects, suggesting
that urinary NGF levels may be a potential diagnostic
biomarker for OAB syndrome [7-9]. However, determi-
nation of NGF by enzyme-linked immunosorbent assay
(ELISA) has demonstrated low sensitivity and specificity
compared to assays for BDNF in a preliminary observa-
tional study [10]. Urinary BDNF levels are exceptionally
high in OAB patients compared to normal controls [10] and
are also associated with severity of symptoms [11]. The
ELISA assay for BDNF analysis has exhibited higher
sensitivity and specificity than that for NGF, and thus,
BDNF has been suggested to be a more effective potential
diagnostic biomarker for OAB [11]. Investigation of other
potential diagnostic methods for OAB, including ultra-
sound measurement of detrusor wall thickness [12], and
urine or serum biomarkers such as prostaglandins [13-15],
urine cytokines [16] and C-reactive protein (CRP) [17], has
not yet resulted in establishing a standard effective mea-
surement. Although neurotrophic factor concentrations
show promise as potential biomarkers for OAB, questions
still remain about the variability of results among patients
with similar complaints, lack of knowledge of urinary
levels in normal populations, biochemical mechanisms
such as binding to proteins or cells in urine and whether
assays are sensitive enough to identify patients with spe-
cific pathologies [6]. The purpose of the present study was
to investigate the diagnostic performance of urinary BDNF
and NGF and determine their potential as objective diag-
nostic biomarkers for OAB.

Patients and methods

One hundred and thirty-five women from Wuhan Union
Hospital were enrolled, including 90 women from the
Department of Urology diagnosed with OAB and 45
women without OAB from the Departments of Otorhino-
laryngology and Stomatology who served as normal con-
trols. This study was approved by the ethics committee of
our hospital. Informed consent was obtained from all
subjects before collecting urine samples for measurement
of NGF and BDNF and before any treatment was
administered.
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Study subjects

Included subjects were diagnosed with OAB based on the
diagnostic criteria developed by the International Conti-
nence Society [3]. OAB subjects who were over age
55 years, pregnant or had bladder tumor, bladder stones,
interstitial cystitis, tuberculosis of the bladder, bladder
contracture, or diabetes insipidus were excluded. Female
patients with OAB had characteristic symptoms, including
urinary urgency and urinary frequency but no urge incon-
tinence or cystoscopic findings such as follicular edema,
papillary hyperplasia, or chronic inflammatory effects. All
female patients with urgency-frequency without urge
incontinence were diagnosed as OAB by a 3-day voiding
diary and subjective symptoms. Cystoscopies were per-
formed on all OAB patients, and biopsy specimens were
taken to the clinical laboratory for pathological examina-
tion. Normal controls over age 55 years or who had lower
urinary tract symptoms or any other urogenital disease
were excluded from the study. Imaging examinations such
as Doppler ultrasound, intravascular ultrasound (IVU), or
CT were performed in all subjects to exclude occupying
lesions or urethral stricture in the urinary tract.

Overactive bladder symptom score (OABSS)

Overactive bladder symptom score (OABSS) measures
four symptoms of OAB: daytime frequency of urination,
nighttime frequency, urgency and urgency incontinence
[18]. Scores are based on secondary analysis of an epide-
miologic database, with maximum scores for the four
symptoms defined as 2, 3, 5 and 5, respectively. Each score
is the sum (0-15) of symptoms of OAB, and higher scores
at different levels (0-2, 3-5, 6-9, 9—11 and 12-14) indicate
symptom severity, differentiating mild, moderate and
severe OAB. OABSS was recorded for each OAB patient
in this study when OAB was diagnosed.

Urine examination procedures

Urine samples were collected from the OAB group in the
Department of Urology and from the controls in the
Departments of Otorhinolaryngology or Stomatology. All
urine samples were collected in the morning, and subjects
had a strong desire to void. The urine samples were placed
on ice immediately and centrifuged at 3,000 rpm at 4 °C
for 10 min, and then, the supernatant was separated into
aliquots in 1.5-mL tubes and preserved in a freezer at
—80 °C. In addition, a 3-mL urine sample was taken to
measure urinary creatinine (Cr) level as previously
described [7]. Measurement of urinary NGF levels was
performed by enzyme-linked immunosorbent assay
(ELISA) (Wuhan Boster Biological Technology, Ltd.,
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Wuhan, China) using nondiluted urine samples. Urinary
NGF concentration was determined using an immunoassay
system (BioTek Instruments, Inc., Winooski, VT, USA)
using a specific and highly sensitive ELISA kit, with
minimum sensitivity of 1 pg/mL. Assays were performed
according to the manufacturer’s instructions. Urinary
BDNF concentration was determined using an immunoas-
say system also, with a specific and highly sensitive ELISA
kit, with minimum sensitivity of 2 pg/mL. According to the
results of the preliminary experiments, urine specimens
were diluted tenfold to fit the detection limit in the ELISA
assay. All urine samples were detected in triplicate in the
ELISA assays for NGF and BDNF. Total urinary NGF and
BDNF levels (pg/mL) were further normalized by the
concentrations of urinary creatinine (mg/dL) (NGF/Cr
level and BDNF/Cr level), and the ratio of NGF/Cr and
BDNF/Cr levels was used as normalized urinary NGF and
BDNF levels. Then urinary NGF/Cr and BDNF/Cr levels
(pg/mg) were compared between patients with OAB and
normal controls as described previously [19].

Statistical analysis

Continuous data, age, are normally distributed and pre-
sented as mean and standard deviation (SD); nonnormal
distributed continuous variables are presented as median
and inter-quartile range (IQR). The two independent sam-
ples ¢ test was performed to compare age between groups.
Nonparametric Mann—Whitney test was performed to
compare OABSS, Cr, BDNF/Cr and NGF/Cr between
groups. Correlations between NGF/Cr and BDNF/Cr ver-
sus OABSS were performed by Spearman rank correlation
coefficient. Receiver operating characteristic (ROC) curves
were performed to evaluate the efficiency of OABSS,
NGF/Cr and BDNF/Cr in diagnosing OAB as previously
described [20, 21]. Higher area under the ROC curves
(AUC) indicated higher efficiency in diagnosing OAB. The
optimized cut-off points on the ROC curves were deter-
mined by Youden’s index (maximum of sensitiv-
ity + specificity-1). Statistical analyses were all two-sided,
evaluated at the 0.05 level of significant difference and
performed using SPSS 15.0 statistics software (SPSS Inc,
Chicago, IL).

Results

Comparison of characteristics between subjects
with and without OAB

A total of 135 women were enrolled in this study, including
90 subjects diagnosed with OAB and 45 without OAB or
other urinary tract symptoms. No significant differences in

age (p = 0.526) and Cr (p = 0.847) were observed in
patients with and without OAB. Mean age of OAB patients
was 36.5 £ 15.8 years (range 17-55 years), and mean age
of controls was 38.2 &+ 13.5 years (range 19-50 years).

The median OABSS of subjects was 9.0 for the OAB
group and 1.0 for the control group (p < 0.001). BDNF/Cr
and NGF/Cr levels were increased in the 90 OAB women
compared with controls (medians of BDNF/Cr: 11.95 vs.
1.65, p <0.001; medians of NGF/Cr: 0.15 vs. 0.08,
p < 0.001) (Table 1).

Correlations of NGF/Cr and BDNF/Cr with symptom
severity (OABSS)

Significantly positive associations were observed between
NGF/Cr and BDNF/Cr and symptom severity determined
by OABSS. Median NGF/Cr levels were 0.077, 0.075,
0.108, 0.167 and 0.239 in OABSS symptom ranges of 0-2,
3-5, 6-9, 9-11 and 12-14, respectively. A Spearman cor-
relation coefficient of 0.509 indicated a moderate positive
correlation between NGF/Cr and OABSS (p < 0.0001).
The medians of BDNF/Cr were 1.6, 2.5, 13.5, 14.1 and
13.1 in OABSS symptom ranges of 0-2, 3-5, 6-9, 9-11
and 12-14, respectively. A Spearman correlation coeffi-
cient of 0.649 indicated a moderate positive correlation
between BDNF/Cr and OABSS (p < 0.0001) (Fig. 1).

Diagnosis for OAB by OABSS, NGF/Cr and BDNF/Cr

The areas under the ROC curve (AUC) of OABSS were
significantly higher than those of NGF/Cr and BDNF/Cr
(1.0 vs. 0.776 and 0.952, p < 0.0001 and p = 0.0186). The
AUC of BDNF/Cr was significantly greater than that of
NGF/Cr (0.952 vs. 0.776, p < 0.0001) (Fig. 2).

Table 2 summarizes the sensitivity, specificity, positive
predictive value (PPV) and negative predictive value
(NPV) when using the optimized cut-off points of OABSS,
NGF/Cr and BDNF/Cr in diagnosing OAB. OABSS > 3
had the highest sensitivity (100.0) and NPV (100.0 %)
compared to NGF/Cr and BDNF/C. BDNF/Cr > 4.6 had
the highest specificity (100.0 %) and PPV (100.0 %);

Table 1 Demographic and clinical characteristic of subjects

No OAB (n = 45) OAB (n = 90) p value
Age' (years) 355 +93 344 £93 0.526
OABSS? 1.0 (1.0, 2.0) 9.0 (7.0, 11.0) <0.001%
Cr’ (mg/dL)  83.7 (56.0, 129.7)  89.2 (58.0, 135.4) 0.847
BDNF/C®  1.65 (1.28,2.04)  11.95 (7.58, 21.69)  <0.001*
NGF/Cr? 0.08 (0.06, 0.09)  0.15(0.09,0.39)  <0.001%

* Indicates a significant difference between groups
! Presented as mean and SD
2 Presented as median and IQR
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'''''' A Discussion
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nary BDNF/Cr and NGF/Cr levels were both significantly
Source of the Curve . . . .
— OABSS increased in patients with OAB compared to controls, and
e T - NGF/Cr the increase in BDNF/Cr levels was significantly greater
~~BDNF/Cr than that of NGF/Cr levels. Furthermore, OABSS revealed
0.0 0 T T T significant associations between urinary BDNF/Cr levels

T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

AUC (95% CI)
OABSS 1.000 (0.973, 1.000)
NGF/Cr 0.776 (0.697, 0.843)*
BDNF/Cr 0.952 (0.902, 0.982)*+

Fig. 2 ROC curves of OABSS, NGF/Cr and BDNF/Cr in diagnosing
OAB. Asterisk indicates a significant difference between AUC and
OABSS. Dagger indicates a significant difference between AUC and
NGF/Cr

Table 2 Summary of diagnostic values of OABSS, NGF/Cr and
BDNF/Cr

Cut-off Sensitivity Specificity PPV NPV

points* (%) (%) (%) (%)

OABSS > 3 100.0 97.8 98.9 100.0

NGF/ 54.4 95.6 96.1 51.2
Cr > 0.14

BDNF/ 88.9 100.0 100.0 81.8
Cr > 4.6

* Cut-off points were determined by the Youden’s index
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and symptom severity in all OAB subjects; BDNF levels
were markedly higher in patients with more severe symp-
toms. In addition, the sensitivity and specificity of urinary
BDNF/Cr levels in detecting OAB among known OAB
subjects were significantly higher than that of NGF/Cr.
However, the specificity of urinary BDNF/Cr in diagnosing
OAB must be confirmed in a population that also includes
patients with other lower urinary tract disorders. Never-
theless, results of the present study suggest that BDNF may
be more sensitive and therefore more useful than NGF as a
potential objective biomarker for diagnosis of OAB.

A review study suggests that urinary neurotrophic fac-
tors play an important role in the complex pathophysiology
of OAB, while urinary prostaglandins, cytokines and CRP
are shown to be less specific to the OAB disease process
[6]. The search for biomarkers able to identify the pres-
ence, severity, progression and response to medical treat-
ment of OAB is ongoing, and prominent in this search is
the demonstration, as in the present study, that NGF and
BDNF appear to be the most promising biomarkers to date
for OAB diagnosis [8, 9, 15, 17].

NGF is produced by bladder urothelium and smooth
muscle in the urinary tract, and NGF levels typically
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increase in these tissues and in the urine of patients with
interstitial cystitis, painful bladder syndrome, detrusor
overactivity and OAB [8]. Urinary NGF levels were sig-
nificantly elevated in patients with OAB dry and were even
higher in patients with OAB wet compared to patients with
interstitial cystitis, painful bladder syndrome and asymp-
tomatic controls [9]. Another study measured urinary NGF
and prostaglandin levels in female patients with OAB,
finding that urinary NGF and prostaglandin levels were
both significantly increased in OAB patients compared to
non-OAB controls [13]; analogous results were found in
male OAB patients [14]. NGF/Cr levels also increased in
patients with interstitial cystitis/bladder pain syndrome and
then decreased in patients who responded to treatment [19].
Similarly, urinary NGF/Cr levels were significantly higher
in patients with bladder outlet obstruction (OOB) with
OAB, but very low in OOB patients without OAB and
normal controls, and successful medical treatment
decreased the elevated urinary NGF levels to normal and
relieved OAB symptoms [22]. Urinary NGF/Cr levels were
elevated in patients with both idiopathic and neurogenic
detrusor overactivity and significantly decreased in patients
who responded to antimuscarinic or botulinum toxin-A
treatment compared to nonresponders [23]. Finally, a study
comparing possible biomarkers for bladder diseases found
that NGF/Cr levels were significantly increased in female
patients with interstitial cystitis and painful bladder syn-
drome compared to women with IBS and normal controls,
but increased urinary prostaglandin (PGE2/Cr) levels were
not found in all subgroups [15]. These results revealed that
urinary NGF/Cr levels but not urinary PGE2/Cr levels are
able to differentiate women with interstitial cystitis and
painful bladder syndrome from those with frequency-
urgency syndrome. However, as effective as NGF appears
to be in diagnosing OAB, the sensitivity and specificity of
urinary NGF/Cr levels in the diagnosis of OAB were
reported to be only 75 and 65.5 %, respectively, which is
not sufficient for reliable diagnosis [15]. In the present
study, although we showed favorable results for NGF/Cr in
identifying patients with OAB, the sensitivity, specificity
and positive predictive values of BDNF/Cr were signifi-
cantly higher than those of NGF/Cr in our OAB sample,
suggesting its potential as a reliable biomarker for OAB
diagnosis.

BDNF is the most ubiquitous neurotrophin in the human
body and is synthesized in small- and medium-sized sen-
sory neurons in dorsal root ganglia [24]. BDNF is also
produced by nonneuronal cells in inflamed bladder tissue
[25]. Synthesized BDNF is taken up by bladder afferents
and undergoes anterograde transport to the central termi-
nals of sensory afferents before being released into the
spinal cord where it regulates neuronal function through
phosphorylation of spinal TrkB receptors [26]. In a

neuropathic pain model, prostaglandins (PGE2) overpro-
duced in injured nerves induced the up-regulation of BDNF
in dorsal root ganglion neurons [27]. Neurotrophins are
considered to be mediators and modulators of pain; an
NGF-dependent mechanism was shown to regulate the
expression of BDNF in nociceptors, causing its release as a
pain modulator when nociceptors were activated [28].
BGDF synthesis also has been shown to increase signifi-
cantly in the urinary bladder after chronic cystitis or spinal
cord injury [29, 30]. A recent study showed that BDNF
sequestration improved bladder function in rats with
chronic cystitis [31], demonstrating the effect of BDNF on
bladder function in pathological conditions. Urinary BDNF
concentration, as with NGF concentration, was noted to be
elevated in bladder pain syndrome/interstitial cystitis
patients and then significantly reduced after botulinum
toxin treatment [32].

Our results are compatible with those of the first com-
prehensive study of BDNF in healthy volunteers, which
showed consistently low levels of BDNF/Cr without regard
to age, gender or time of urine sampling, while OAB
patients had consistently high BDNF/Cr levels that corre-
lated with symptom severity [11]. In the present study,
BDFN/Cr levels were also consistently higher than those of
NGF/Cr in the group with OAB. When urinary NGF/Cr
levels increased 3.18-fold in OAB patients compared to
baseline levels, urinary BDNF/Cr levels increased 11.58-
fold. Among controls, urinary mean BDNF/Cr levels were
21.96-fold higher than NGF/Cr levels, and in OAB
patients, urinary mean BDNF/Cr levels were 80-fold higher
than NGF/Cr levels. In addition, BDNF levels were shown
by OABSS to be markedly higher in patients with more
severe symptoms. Together, these results along with the
high sensitivity and specificity of BDNF/Cr analysis
compared to NGF analysis in the OAB subject population
suggest that BDNF may possibly be a more reliable diag-
nostic marker for OAB than NGF.

This study has several limitations, including that the
sample is relatively small and from only one institution.
Since cross-sectional study may also limit the reliability of
urinary results for biomarkers due to possible sample-to-
sample fluctuations in individual patients, we ensured that
all urine samples in this study were collected in the
morning, and total urinary NGF and BDNF levels were
normalized by urinary creatinine concentrations (NGF/Cr
level and BDNF/Cr level), and ratios of NGF/Cr and
BDNF/Cr levels were used as normalized urinary NGF and
BDNEF levels. This study also focused on NGF and BDNF
in OAB patients compared to normal controls without
OAB, but patients with other lower urinary tract disorders
were excluded, which limits estimations of marker speci-
ficity. Therefore, future prospective study must include
patients with other lower urinary tract disorders so that
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BDNF/NGF specificity can be determined. Also, no other
potential biomarkers were compared with NGF and BDNF.
Although we can say definitively that NGF and BDNF are
potential objective biomarkers for OAB, we cannot say
definitively that they are superior to any other potential
biomarkers or that they can replace current urodynamic
measurements. NGF and BDNF are still relatively new
prospects in the search for reliable biomarkers for OAB.
Further study is needed to evaluate their diagnostic per-
formance compared to other markers as well as imaging
and urodynamic parameters, and to better understand their
role in OAB.

Conclusions

Urinary BDNF levels are elevated in women with OAB
and are significantly associated with symptom severity. No
elevation is found in women without OAB. BDNF analysis
has better sensitivity than NGF in detecting OAB, sug-
gesting that BDNF may be a potential objective biomarker
for OAB diagnosis.
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of interest.
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