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Abstract
Background. Interstitial cystitis (IC)/bladder pain syndrome (BPS) is a challenging disease, affecting 
thousands of people all around the world, especially women. Although there have been numerous theories  
regarding IC/BPS etiology, the physiopathology of the disease still remains unclear and there is a lack of certain  
treatment.

Objectives. The aim of the study was to assess the role of nerve fibers and nerve growth factor (NGF) in the 
etiopathogenesis of IC/BPS symptoms by demonstrating if there is a correlation between urine NGF levels, 
amount of peripheral nerves in bladder mucosa and symptom severity.

Material and methods. A prospective clinical study was conducted with 15 IC/BPS patients and 18 controls. 
Urine NGF levels were measured by enzyme-linked immunosorbent assay (ELISA). Bladder punch biopsies 
were obtained from 15 IC/BPS patients and 9 controls. Immunohistochemistry was performed for S-100 
to highlight peripheral nerve twigs in bladder mucosa. The O’Leary-Sant Interstitial Cystitis Symptom and 
Problem Index (OSICSPI) was used to assess symptom severity and effects of the disease on the patients’ life.

Results. NGF normalized to urine creatinine (NGF/Cr) levels in IC/BPS patients were significantly higher 
than in controls, 0.34 ±0.22 and 0.09 ±0.08 pg/mL: mg/dL, respectively (p < 0.001). The mean symptom 
score in IC patients was 12.27 ±2.4 (median: 12) and the mean problem score was 10.9 ±2.3 (median: 12). 
The mean mucosal nerve (S-100 stained) area in the IC/BPS group was significantly higher than in the con-
trols, 2.53 ±1.90 vs 1.0 ±0.70, respectively (p = 0.018). In correlation analyses, the NGF/Cr level in IC/BPS 
patients was found significantly correlated with the O’Leary-Sant IC Symptom and Problem Index scores 
independently (p = 0.001 and p = 0.028, respectively).

Conclusions. NGF seems to be a promising biomarker in IC/BPS. It may help clinicians in diagnoses and 
patient follow-up. Thus, unnecessary, expensive and invasive tests, interventions and treatments might be 
avoided.
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Introduction

Interstitial cystitis (IC)/bladder pain syndrome (BPS) 
is a challenging disease that affects thousands of people 
worldwide, especially women. IC/BPS is characterized by 
pelvic pain, pressure and discomfort perceived to be re-
lated to the urinary bladder, associated with lower urinary 
tract symptoms (LUTS) in the absence of urinary infection 
and other obvious pathology.1

Although there are numerous theories in regard to  
IC/BPS etiology, its physiopathology still remains unclear 
and there is a lack of certain treatment.2

Various diagnostic tests and attempts at treatment lead 
to a substantial economic burden as well as patient distress. 
Thus, using biomarkers in diagnosis has garnered greater 
interest in the last decade.3 Nerve growth factor (NGF) is 
one of these.

In the present study, we aimed to assess the role of nerve 
fibers and nerve growth factor (NGF) in the etiopatho-
genesis of IC/BPS symptoms by demonstrating if there is 
a correlation between urine NGF levels, amount of periph-
eral nerves in bladder mucosa and symptom severity. This 
might open a new horizon for disease diagnosis and yield 
novel treatment alternatives.

Material and methods

After local ethics committee approval, a prospective 
clinical study was conducted between March, 2014 and 
February, 2015 with 15 patients diagnosed with IC/BPS 
according to AUA 2011 criteria1 and 18 controls. Written 
informed consent was obtained from patients and controls. 
Previous intake of oral medications or intravesical instil-
lations for the treatment of IC/BPS was not exclusionary. 
The sole inclusion criterion for the patient group was to be 
symptomatic. The control group consisted of patients who 
underwent cystoscopy for previous bladder tumor surveil-
lance or LUTS. Urinary tract infections were excluded by 
means of urine culture in all cases. The O’Leary-Sant In-
terstitial Cystitis Symptom and Problem Index (OSICSPI) 
was used to assess the symptom severity and effects of the 
disease on the patient’s life.4

Urine samples and bladder biopsies were obtained from 
all patients with IC/BPS. Although urine samples were 
obtained from all controls, bladder biopsies could be ob-
tained from 9 controls. Among these 9 controls, 5 were on 
follow-up for bladder tumor (with no evidence of disease 
for at least 1 year) and 4 were the patients who underwent 
cystoscopy for LUTS.

Midstream clean catch urine specimens were collected 
from all patients and controls. Urine samples were put on 
ice and promptly transferred to a biochemistry laboratory 
for NGF and creatinine (Cr) measurement. The samples 
were centrifuged at 1500 rpm for 20 min at 4°C. The su-
pernatant was taken into Eppendorf tubes and stored at 

–80°C until NGF measurement after 3 mL was separated 
for urinary Cr measurement.

The urine NGF level was measured by the enzyme-linked 
immunosorbent assay (ELISA) method using a NGF spe-
cific ELISA kit (Cloud-Clone Corp., Houston, USA). Assays 
were performed in accordance with the manufacturer’s in-
structions. All samples were run in duplicate, and then the 
results were averaged. Afterwards, urine NGF levels were 
normalized via urine creatinine concentration (NGF/Cr).

Bladder punch biopsies were obtained by means of cysto- 
scopy under local or general anesthesia from the lesion 
sites or suspicious areas of the bladder, if present, other-
wise from the lateral wall in IC/BPS and from the nor-
mal mucosa in controls. Biopsy specimens were put in 
4% formaldehyde solution for fixation and submitted to 
a pathology laboratory. After routine overnight tissue pro-
cessing, paraffin blocks were prepared and 5 μm sections 
were obtained for hematoxylin and eosin (H&E) staining 
and microscopic evaluation. Immunohistochemistry was 
performed for S-100 to highlight peripheral nerve twigs 
in bladder mucosa. Immunohistochemical staining was 
carried out according to standard procedures using a poly-
mer detection system (Cat. No. DS9800, Leica Biosystems, 
Wetzlar, Germany) and a BOND-MAX automated im-
munostainer. S-100 primary antibody (Dako, Glostrup, 
Denmark) was applied at a dilution of 1/400.

Evaluation of nerve density  
using S-100 immunohistochemistry

Visual analysis
The amount of peripheral nerve twigs in bladder mu-

cosa was evaluated and scored semiquantitatively by a pa-
thologist (DEB) under the microscope on a range of 0–3 
as follows: 0 = <1 mean nerve twig (NT) per high power 
field (hpf)–1; 1 = 1–2 NTs/hpf–1; 2 = 3–4 NTs/hpf–1, and 
3 = ≥ 5NTs/hpf–1 at various thickness (Fig. 1). Subjects 
were divided into 3 groups – no staining, mild staining 
and obvious staining – according to the aforementioned 
scores (no staining = score 0; mild staining = score 1; obvi-
ous staining = score 2 or 3).

Fig. 1. Microscopic examination of urinary bladder specimen with no 
nerve staining at magnification ×10 with H&E and S-100 stains
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Image analyzer
The  strength of the immunohistochemical staining  

of urinary bladder was assessed using a computer-assist-
ed image analyzer (Pannoramic250 Flash II; 3DHistech, 
Budapest, Hungary) and the density of nerve fibers was 
determined automatically.

Statistical analysis

Mean  ±SD and median values were used to express 
quantitative measurements. Numbers and percentages 
were given for qualitative measurements. The Shapiro-
Wilk test was used to determine whether the measure-
ments distributed normally or not. The Mann-Whitney 
U test was used to compare numerical values between 
independent groups. For the comparison of the qualita-
tive characteristics of the 2 groups, cross table analysis, χ2 
Fisher’s exact test and the Fisher-Freeman-Halton test were 
applied. Statistical analysis was performed via IBM SPSS 
statistics v. 21 (IBM Corp., Armonk, USA) and p < 0.05 was 
considered to indicate statistical significance.

Results

A total of 33 patients were included in the study, of whom  
15 were patients with IC/BPS and 18 were controls.  
All patients with IC/BPS were females, whereas among the 
18 controls, 12 were males and 6 were females. The mean 
age of the IC/BPS patients was 52 ±9.1 years, while that 
of the control group was 46.9 ±19.2 years. There was no 
statistically significant difference between IC/BPS patients 
and controls in terms of age (p > 0.5). Patient demographics 
are given in Table 1.

The  mean urine NGF level normalized to the urine 
Cr level (NGF/Cr) in IC/BPS patients was significant-
ly higher than in controls, 0.34  ±0.22  pg/mL: mg/dL 
and 0.09 ±0.08 pg/mL: mg/dL, respectively (p < 0.001). 
The  mean symptom score in IC/BPS patients was 
12.27 ±2.4 (median: 12) and the mean problem score was 
10.9 ±2.3 (median: 12) (Table 1).

The biopsies of the controls displayed only a few nerve 
twigs in bladder mucosa in general (Fig. 1). On the other 
hand, the majority of IC/BPS patients (93.3%) had an in-
creased number of mucosal nerve twigs (Fig. 2), visually 
scored as 2 or 3 in S-100 stained slides (Table 2). This dif-
ference between the control and study groups was statisti-
cally significant (p < 0.05).

Image analysis showed similar results concerning the 
difference in the amounts of nerve twigs between the  
2 groups (Table 1). The mean mucosal nerve (S-100 stained) 
area in the IC/BPS group was significantly higher than in 
the controls, 2.53 ±1.90 vs 1.0 ±0.70, respectively (p = 0.018).

In correlation analyses (Table 3), the normalized NGF lev-
el (NGF/Cr) in IC/BPS patients was found significantly and 

Fig. 2. Microscopic examination of urinary bladder specimen with obvious 
nerve staining at magnification ×10 with H&E and S-100 stains

Table 1. Patient age, NGF, automated nerve density and questionnaire scores

Variable
Group

p-value
IC/BPS (n = 15) Control (n = 18)

Age (mean ±SD) [years] 52 ±9.1 46.9 ±19.2 >0.5

NGF/Cr (mean ±SD) [pg/mL : mg/dL] 0.34 ±0.2 0.09 ±0.08 <0.001

Automated nerve density (mean S100 (+) area %) 2.53 ±1.9 1.0 ±0.7* 0.018

O’Leary-Sant IC Symptom Index Score 12.2 ±2.4 – –

O’Leary-Sant IC Problem Index Score 10.9 ±2.3 – –

* n+9.

Table 2. Distribution of patients according to nerve staining

Visual nerve staining density groups
Group

Total
IC/BPS control

Group 1. Number of patients with no staining 1 6 7

Group 2. Number of patients with mild staining 10 3 13

Group 3. Number of patients with obvious staining 4 0 4

Total 15 9 24
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independently correlated with the O’Leary-Sant IC Symp-
tom and Problem Index scores (p = 0.001 and p = 0.028, 
respectively). Visually analyzed mucosal nerve density and 
image analyzed nerve density were found to be correlated 
with the O’Leary-Sant IC Problem Index (p = 0.01 and 
p = 0.009, respectively). However, image analyzed nerve 
density was not correlated with the O’Leary-Sant IC Symp-
tom Index (p = 0.119), whereas visually analyzed nerve den-
sity was (p = 0.024). Furthermore, no correlation was ob-
served between nerve density and NGF/Cr levels (p = 0.34).

Discussion

IC/BPS is a debilitating, chronic disease characterized 
by pelvic pain, discomfort and pressure perceived to be 
related to the urinary bladder and accompanied by at 
least one LUTS-like urgency or frequency.5 The preva-
lence of IC/BPS is higher in females compared to males, 
52–500/100,000 vs 8–41/100,000 and its incidence is es-
timated to be 1.2/100,000.6

IC/BPS etiology is still unknown which leads to inac-
curate diagnostic tests and treatment modalities. It has 
been thought to be associated with several conditions such 
as chronic fatigue syndrome, fibromyalgia, irritable bowel 
syndrome, temporomandibular junction disorder, chronic 
pelvic pain syndrome, vulvodynia, migraine, sicca syn-
drome, allergies, asthma, and depression.7 Many theories 
have been suggested in respect of IC/BPS pathogenesis, 
which consists of increased urinary bladder permeability, 
abnormal neuronal function, mast cell activation, autoim-
munity, glycosaminoglycan (GAG) layer defect, infection, 
and urinary toxic and anti-proliferative agents.6,8–11

The first study which focused on the nerve fibers in 
IC/BPS was conducted by Hand in 1949. In that study, 
he found submucosal nerve fiber increase in the urinary 
bladders of IC/BPS patients and concluded that nerve fi-
bers within closed mast cells might have a role in disease 
pathogenesis.12 In concordance with Hand, Christmas et al.  
also observed nerve fiber proliferation in the suburothe-
lium and detrusor muscle layer of the urinary bladder  
of IC/BPS patients compared to controls and other patients 
with chronic cystitis.13 Pang et al. showed an increase in 

nerve fibers containing substance-P in the submucosa  
of IC/BPS patients but not in the detrusor. They suggested 
that substance-P, a neuropeptide secreted from sensorial 
nerve endings, might act in pain pathophysiology as well 
as triggering mast cell secretion.14

Hofmeister et al. also attempted to establish a diagnostic 
algorithm for IC/BPS by using quantitative image analysis 
and morphometry. They suggested that the neuroimmune 
process or mediation might be a part of the disease patho-
genesis and a count of either mast cells or nerve fibers 
could be used in IC/BPS diagnosis.15

In concordance with the aforementioned studies, we 
found the mucosa of the urinary bladder of IC/BPS patients 
to have significantly increased nerve fiber proliferation, 
either visually or image analyzed. None of the patients 
in the control group demonstrated obvious nerve stain-
ing in the urinary bladder in contrast to IC/BPS patients, 
which may support the role of a neural process in IC/BPS 
etiopathogenesis.

Studies conducted in recent years have shown increased 
levels of NGF in the urothelium, where the sensorial nerve 
fibers end, in patients with IC/BPS, idiopathic urgency 
and chronic cystitis. NGF was thought to be responsible 
for hyperalgesia in the absence of inflammation. NGF was 
assumed to act via a direct effect on sensorial nerve fiber 
endings or increasing sensorial neuropeptides, substance-P  
or calcitonin-gene-related peptide.16 In another study, NGF 
mRNA was found significantly increased in bladder tissues 
of IC/BPS patients compared to controls, and decreased to 
normal levels as controls after botulinum toxin A injec-
tion.17 A similar study based on urinary NGF again showed 
that a decrease in the NGF level could be correlated with 
treatment response in some IC/BPS patients.18 Many stud-
ies have presented a significant increase of NGF levels in 
IC/BPS and neurogenic overactive bladder, but stressed 
that further studies were mandatory to determine its role 
in the pathogenesis.19

Some researchers investigated both serum and urine 
NGF in IC/BPS patients, but no correlation was found 
between urine and serum NGF levels. Moreover, no as-
sociation was observed between an elevated serum NGF 
level and disease severity. It was suggested that an elevated 
serum NGF level might be a consequence of comorbidities 

Table 3. Correlation analyses

Variable Spearman's rho O’Leary-Sant IC Symptom 
Index Score

O’Leary-Sant IC Problem 
Index Score NGF/Cr level

NGF/Cr level
correlation coefficient 0.777 0.567 –

significance (2-tailed) 0.001 0.028 –

Visual nerve density 
correlation coefficient 0.577 0.640 0.325

significance (2-tailed) 0.024 0.010 0.237

Automated nerve density
correlation coefficient 0.420 0.650 0.265

significance (2-tailed) 0.119 0.009 0.341
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of IC/BPS patients rather than the cause of IC/BPS.  
Elevated urinary NGF levels were deemed to support the 
role of chronic inflammation in the disease pathogenesis.20

In a recent study, inflammation intensity in the urinary 
bladder was shown to be significantly correlated with subu-
rothelial NGF levels and transient receptor potential cation 
channel subfamily V member 1 (TRPV1)-immunoreactive 
nerve fibers. Nerve fiber density was also significantly cor-
related with pain and urgency scores.21

In a meta-analysis, NGF and NGF/Cr levels in the urine 
of patients with IC/PBS were found higher than in controls 
and lower than in overactive bladder syndrome patients. 
NGF is thought to be a potentially useful biomarker in IC/
BPS diagnosis and differential diagnosis. NGF was also 
proposed to be a predictor of specific treatment modali-
ties.3 Antibodies against NGF have emerged as a promising 
treatment choice for IC/BPS patients.22,23

In our study, urinary NGF levels in the urine of IC/BPS 
patients were significantly higher than those of the con-
trols. Furthermore, the normalized urine NGF level (NGF/
Cr) in IC/BPS patients was found significantly correlated 
with the O’Leary-Sant IC Symptom and Problem Index 
scores independently. This raises the possibility of using 
NGF to establish disease alleviation or progression on pa-
tient follow-up without the need of an invasive test.

Unfortunately, no statistically significant association was 
observed between nerve staining and NGF levels, which we 
believe to be the consequence of the small patient popula-
tion. However, NGF biology and production might also be 
considered. It has been shown that, aside from nerve cells, 
many different cell types, such as vascular and smooth 
muscle cells, produce NGF in the human body.24

Our study has some limitations. As previously mentioned, 
our patient population was small and, whereas all the IC/
BPS patients were female, some of the controls were males. 
But the results were similar if we excluded the male con-
trols. Some of the control patients had a history of bladder 
tumor, so we preferred patients with no evidence of tumor 
for at least 1 year to prevent the possible effect of the blad-
der tumor on bladder nerve staining and urine NGF levels.

Conclusions

NGF appears to be a promising biomarker in patients 
with IC/BPS. The correlation of NGF and disease symp-
tom/problem scores might help clinicians in diagnosis and 
patient follow-up, so that unnecessary, expensive and inva-
sive tests, interventions and treatments might be avoided. 
Additional randomized controlled studies with larger pa-
tient populations are mandatory to confirm these results.
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