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Evaluation of the Proliferation Markers in Interstitial 
Cystitis/Bladder Pain Syndrome: An Experimental Model
İnterstisyel Sistit/Mesane Ağrısı Sendromu Deneysel Modellerinde Proliferasyon 
Belirteçlerinin Değerlendirilmesi

Aim: The aim of this study was to determine the level of nerve 
growth factor (NGF) and epidermal growth factor (EGF) in an 
animal model of interstitial cystitis/bladder pain syndrome (IC/
BPS) and identify correlations between them.

Methods: IC/BPS modeling was performed on white New 
Zealand female rabbits divided into six groups depending on 
the methods of modeling. Urine and blood levels of NGF and 
EGF were determined by the ELISA method. The correlation 
between the indicators was calculated by the Pearson correlation 
coefficient.

Results: An increase in the concentration of NGF and EGF was 
detected in animals of all experimental groups; a significantly 
high level of these factors in blood and urine was determined 
in a toxic model created with the introduction of urine into the 
submucosal layer of the bladder wall. The correlation between 
NGF and EGF tended to increase by 14 days. There was a strong 
correlation between these indicators in the urine of animals with 
IC/BPS created by a 70% alcohol solution (p<0.01). A strong 
correlation between these indicators was observed in blood of 
animals with IC/BPS created by the administration of protamine 
sulfate and in animals of toxic model (p<0.01).

Conclusion: An increase in the levels of proliferation markers 
is likely due to chronic inflammation process and urine toxicity. 
The presence of a correlation between NGF and EGF and their 
strengthening as the disease progresses indicates an increase in 
the proliferation processes. Proliferation markers can be used in 
the diagnosis and monitoring of IC/BPS.

Keywords: Interstitial cystitis/bladder pain syndrome, 
proliferation, nerve growth factor, correlation, epidermal growth 
factor, animal models, experimental model

Amaç: Bu çalışmanın amacı, interstisyel sistit/mesane ağrısı (IC/
BPS) sendromu deneysel modellerine sahip hayvanlarda sinir 
büyüme faktörü (NGF) ve epidermal büyüme faktörü (EGF) 
düzeylerini belirlemek ve aralarındaki ilişkileri tespit etmektir.

Yöntemler: Modelleme yöntemlerine bağlı olarak altı gruba 
ayrılan beyaz Yeni Zelanda dişi tavşanlarında IC/BPS modellemesi 
yapıldı. Sinir büyüme faktörü ve epidermal büyüme faktörü ELISA 
yöntemi ile kanda ve idrarda belirlendi. Göstergeler arasındaki 
korelasyon Pearson katsayısı ile hesaplandı.

Bulgular: Tüm deney gruplarındaki hayvanlarda sinir büyüme 
faktörü ve epidermal büyüme faktörü konsantrasyonunda bir 
artış tespit edildi; Kan ve idrarda bu faktörlerin anlamlı derecede 
yüksek olduğu, idrarın mesanenin submukoz tabakasına 
katılmasıyla toksik bir modelde tespit edildi. Sinir büyüme 
faktörü ve epidermal büyüme faktörü arasındaki korelasyon 14 
gün artma eğilimindeydi. Bu göstergeler arasında hayvanların 
idrarında %70 alkol solüsyonunun oluşturduğu IC/BPS ile güçlü 
bir korelasyon vardı (p<0,01). Bu göstergeler arasında kuvvetli 
bir korelasyon, protamin sülfat uygulaması ile yaratılan IC/BPS’li 
hayvanların kanında ve toksik modeli olan hayvanlarda gözlendi 
(p<0,01).

Sonuç: Proliferasyon belirteçlerinde artış, kronik enflamasyon 
süreci ve idrar toksisitesinden kaynaklanıyor olabilir. Sinir büyüme 
faktörü ile epidermal büyüme faktörü arasında bir korelasyonun 
varlığı ve hastalık ilerledikçe güçlenmesi proliferasyon süreçlerinde 
bir artışa işaret eder. Proliferasyon belirteçlerinin belirlenmesi, 
tanı kriterleri ve IC/BPS’nin izlenmesi olarak kullanılabilir.

AnahtarSözcükler: İnterstisyel sistit/mesane ağrısı sendromu, 
proliferasyon, sinir büyüme faktörü, korelasyon, epidermal 
büyüme faktörü, hayvan modelleri, deneysel model
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Introduction
Interstitial cystitis/bladder pain syndrome (IC/BPS), 

being a chronic pathology, is accompanied by debilitating 
pain and discomfort in the bladder. The nature of IC/
BPS is not fully understood. However, it was established 
that this disease has a polyetiological origin as evidenced 
by its characteristic variety of symptoms (1-3). There 
are several proposed theories for the etiology of IC/BPS 
and each of them has its pros and cons: neuropathy, 
immunological theory, stagnation in the lymphatic 
system, influence of the infectious factors, corrosion of 
the mucous layer of the bladder, psychosomatic theory 
(formation of the disease against the background of 
psychological conditions), failures in the exchange 
of nitric oxide, influence of toxins, etc. None of these 
theories have been proven or completely refuted, but 
researchers considered the most possible last of these: 
toxic substances from urine seep through the mucous 
membrane to the bladder wall and cause inflammation 
(4-7). 

Due to the insufficient number of studies on this 
pathology, the exact causes of its development are 
still problematic. However, researchers have number 
of reasons to distinguish some key triggering factors 
including chronic infectious and inflammatory processes 
of the genitourinary system (the local immune response 
is able to produce certain chemicals for a long time which 
ultimately provoke the development of the IC/BPS), 
certain elements released during urination irritate the 
mucous layer, manifestation of autoimmune reactions, 
concomitant pathology of other organs and systems 
affecting the urogenital system, and morbid diseases of 
the central nervous system (5,8,9).

Researchers are currently focusing on the role of 
urinary factors including urinary nerve growth factor (NGF) 
and epidermal growth factor (EGF). The role of these 
factors as diagnostic biomarkers has not been sufficiently 
studied. In this regard, it is important to study the level of 
these markers in the blood and urine in IC/BPS. Hence, the 
purpose of this study was to determine the level of NGF 
and EGF in animal models of IC/BPS and to determine the 
correlation between them. 

Methods 
This research has been approved by the Ethics 

Committee of the Republican Medical Diagnostic Center 
(protocol no: 136, date: 02.09.2018). The study was 
performed in accordance with the Guide for the Care and 
Use of Laboratory Animals (NRC - The National Research 
Council) (10). Experimental models of IC/BPS were 
created in white New Zealand female rabbits weighing 
1500-2000 g.

Pathophysiology of IC/BPS is complex and animal 
models are used to understand the underlying mechanisms 
(11-13). The animals were exposed to chemical and toxic 
substances in order to induce bladder inflammation and 
were divided into six groups: IC/BPS was provoked by 
instillation of a 70% alcohol solution, protamine sulfate 
(10 mg) and HCl (0.2 mL 0.5%) into the bladder of the 
1st (n=8), 2nd (n=7) and the 3rd group (n=8) of animals, 
respectively. In animals of the 4th group, IC/BPS model was 
created on the basis of one of the etiological theories of 
the IC, according to which uric toxicity leads to damage of 
the glycosaminoglycan layer (14,15). A suprapubic section 
was done and after which a urine sample taken from the 
bladder using a 0.5 cm3 syringe with 30-gauge needle 
inserted through the mucous layer of the bladder. 10 mL of 
NaCl were injected into the bladder wall of the animals of 
the 5th group (n=7); animals from 6th group (n=8) formed 
a control group–they were not given anything.

NGF was determined by enzyme-linked immunosorbent 
assay (ELISA) using a set of NGF Emax® apparatus 
Medispec 6000M (Israel). Urine and blood levels of EGF 
were determined by ELISA using an EGF kit (Cusabio 
Biotech Co., Ltd., China). Marker concentrations were 
determined in blood and urine. The measurements were 
carried out 1st and 14th days after the creation of the 
experimental model.

StatisticalAnalysis

Statistical processing of the obtained data was carried 
out using the programs “Statistical for Windows 8.0” and 
“Microsoft Excel”. Average value and standard deviation 
of the mean were calculated. A p value of less than 0.05 
was considered statistically significant. The correlation 
between blood and urine biomarkers was calculated by 
the Pearson’s correlation coefficient.

Results 
The levels of the NGF in experimental groups are 

presented in Table 1. Analysis of NGF concentration on 
the first day of the study revealed a statistically significant 
increase in the biomarker level in the blood of all groups 
compared to the control group;, in the 1st group, the 
NGF level exceeded that in the control group by 46.0% 
(p<0.05), in the 2nd group-by 41.0% (p<0.05), in the 3rd 
group-by 60.4% (p<0.01), in the 4th and 5th groups-by 
71.3 (p<0.01) and 44.0% (p<0.05), respectively. The level 
of NGF in the blood was statistically significantly higher in 
the 4th group than in other groups (p<0.05). In the same 
period, the urine level of NGF was significantly higher in 
the 4th group than in the control group (by 68.2%, p<0.01); 
in other groups, the difference in the level of NGF in the 
urine compared with the control group was insignificant. 
After 14 days increased blood biomarker level remained 
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in all groups relative to the control group (p<0.05), but 
the difference was most evident in the 4th group–90.1% 
(p<0.001). The urine concentration of NGF in all groups 
was higher than in the control group, but a statistically 
significant difference an increase in the level of NGF in the 
urine compared with the control group was observed in 
group 4; 85.0% (p<0.001).

There was a wide variation of NGF values in the blood 
for the first day among the 3rd, 4th and the 5th animal 
groups and, in urine–in the 4th group. After 14 days, a 
significant variability in values was observed in the blood 
of the animals of the 1st and 4th groups, in urine–only in 
the 4th group. 

An intragroup analysis of NGF levels in each of the 
experimental groups revealed a dissimilar tendency. In 
the 1st group, when comparing NGF levels at different 
periods of observation, there was a tendency to increase 
both in blood and urine. In this group, compared with 
the initial value, there was an increase in the blood 
NGF level by 35.1% (p<0.05), in the urine–by 8.7% 14 
days after creation of the model, On the 14th day of the 
study, there was a slight decrease in the level of NGF in 
the 2nd group. The blood concentration of NGF in the 3rd 
group decreased by 29.3%, while urine concentration 
of NGF increased by 14.3%. In the 4th group after 14 
days of urine injection, compared with the first day, 
a significant increase in the NGF level in blood and 
urine was determined, by 65.5% (p<0.01) and 52.7% 
(p<0.05), respectively. In the 5th group, a decrease in 
NGF concentration in the blood and urine was noted: 
the difference with the initial period of observation in 
the blood was 30.8%, in the urine–30.5%.

Fourteen days later, compared with the first day after 
urine injection, a significant increase in the level of NGF 

blood and urine was determined in group 4, by 65.5% 
(p<0.01) and 52.7% (p<0.05) respectively.

The level of EGF in the experimental groups is presented 
in Table 2.

One day after modeling, there was no significant 
difference in blood level of EGF between the experimental 
groups and the control group. A relatively high level of 
EGF in the blood was detected among animals of the 3rd 
group, which exceeded that in the intact group by 15.6%; 
and the blood concentration of EGF in the 1st and the 5th 
groups was 20.4% and 3.5% lower than in control group, 
respectively.

One day after modeling, there was no significant 
difference in the blood level of EGF between the 
experimental groups and the control group. A relatively 
high level of EGF in the blood was detected in animals 
of 3rd group, which exceeded that in the control group by 
15.6%, and, the blood concentration of EGF in the 1st and 
5th groups was 20.4% and 3.5% lower than in the control 
group, respectively. Significant differences in EGF in the 
blood were also noted between the IC/BPS models. At 
the same time, statistically significant higher level of EGF 
in urine was revealed in the 3rd and 4th groups compared 
with the control group–by 48.2% (p<0.05) and 34.6% 
(p<0.05).

After 14 days, the highest level of EGF in the blood and 
urine was determined in animals of the 4th group; the level 
of EGF in the blood and urine were 63.1% and 49.2% 
higher than in the control group, respectively (p<0.01 and 
p<0.05, respectively). The EGF level in urine was 2.6 times 
lower in the 5th group than in the control group (p<0.01).

A comparative analysis of the EGF level among groups 
after 1st and 14th days showed a decrease in the EGF 
concentration in the blood and urine in the 2nd group after 

Table 1. The level of nerve growth factor in blood and urine in the examination groups during the experiment

Groups
1 day 14 days

Blood, ng/mL Urine, ng/mL Blood, ng/mL Urine, ng/mL

1(n=8) 12.95±2.34 
(8.5,15.4)

9.71±0.51 
(8.5,10.5)

19.95±7.47* 
(14.1,47)

10.64±0.37
(10.1,11.4)

2(n=7) 11.84±1.33
(9.4, 15.3)

11.36±2.78
(8.1, 21.1)

11.34±0.49
(10.3, 12.2)

9.34±0.55
(8.1,10.5)

3(n=8) 17.64±8.43
(10.2, 48.3)

10.51±1.06
(8.5,13.2)

13.64±0.86
(12.1,15.3)

12.26±1.83
(9.8,17.4)

4(n=15) 24.33±16.30*
(6.9, 68)

30.39±27.46*
(9.6,155.1)

70.62±21.63*,**
(42.5,125.8)

64.26±22.84*,**
(26.4,155.1)

5(n=7) 12.47±5.02
(4.7, 21.8)

13.3±1.91
(9.6,16.6)

9.53±0.95
(7.8,10.9)

10.19±1.01
(8.5,12.0)

6(n=8) 6.99±1.84
(4.3, 9.4)

9.65±0.6
(8.5,10.7)

- -

n: Number
*Statistical significance of differences with the six group (control),
**Between study periods (p<0.05-0.001)
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14th days by 16.2% and 35.5%, respectively (p<0.05). 
In the 4th group, EGF level increased both in blood (by 
61.2%, p<0.01) and in urine (by 28.7%). In the 5th group, 
the dynamics of EGF values   showed a decrease in blood 
(by 60.0%, p<0.01) and in urine (by 11.0%).

Multidirectional relationships were revealed when 
determining the correlation coefficient between the 
NGF values   in blood and urine (Table 3). A statistically 
significant positive correlation was observed between 
blood and urine NGF values in the 2nd group on the 14th 
day of the study. In the control group, there was a weak 
positive correlation between the values of NGF in the 
blood and urine.

When determining the correlation coefficient in 
experimental animal models between the values of EGF   
in blood and urine, multidirectional relationships were 
revealed (Figure 1). The study showed that a high direct 
correlation, which was detected in group 1 a day after 
modeling, to average after 14 days; in the 2nd group 
was reduced to very weak, in the 3rd and 4th groups the 

relationship was also weakened while the correlation in 
the 5th group decreased from moderate to noticeable. In 
animals of control group, EGF in the blood and urine were 
moderately correlated.

Determination of the correlation between the NGF and 
EGF during the study revealed a tendency to increased 
correlation between these markers on the 14th day (Figure 
2). In the control group, the average indirect correlation 
was determined between NGF and EGF in blood and urine. 
Among the 1st, 4th and 5th groups the correlation between 
NGF and EGF in the blood and urine was increased. One 
day after modeling, a strong indirect correlation was noted 
in the 2nd group between the blood indices, but on 14th day 
the correlation decreased to moderate and became direct. 
On the contrary, in the urine, the correlation increased and 
also became direct on day 14.

Discussion
It is known that the etiology of IC/BPS includes 

inflammatory, autoimmune processes, neurotoxicity 

Table 2. The level of epithelial growth factor in the blood and urine of the survey groups during the experiment

Groups
1 day 14 days

Blood, pg/mL Urine, pg/mL Blood, pg/mL Urine, pg/mL

1(n=5) 23.78±11.86
(7.9,36.6)

15.92±1.58
(13.7,18.0)

34.64±1.98
(29.7,37.0)

15.80±0.75
(15.0,17.0)

2(n=5) 29.1±8.0
(15.4,43.2)

19.96±3.61
(13.8,23.4)

24.38±4.46
(17.2,35.0)

12.88±0.78**
(11.6,14.1)

3(n=7) 33.93±9.79
(12.4,56.0)

25.68±3.19*
(17.7,29.1)

35.03±5.99
(25.9,56.0)

16.06±2.23
(13.7,19.4)

4(n=10) 30.08±11.56
(8.7,56.2)

20.35±4.47*
(11.6,33.0)

77.48±62.26*,**
(37.9,388.8)

26.2±2.78*
(20.8,33.0)

5(n=7) 27.67±12.06
(9.2,44.2)

12.76±2.42
(6.7,16.5)

11.06±1.62*,**
(8.7,15.4)

11.36±2.47
(6.7,14.7)

6(n=7) 28.63±13.24
(4.6,41.5)

13.31±5.59
(5.6,24.5)

- -

n: Number
*Statistical significance of differences with the six group (control),
**Between study periods (p<0.05-0.001)

Figure 1. Correlation coefficient (r) between indicators of 
epithelial factor in blood and urine of study groups

Figure 2. The correlation between nerve growth factor and 
epidermal factor in the blood and urine
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and vascular components. Besides, urinary toxicity and 
disappearance of the glycosaminoglycan layer from 
the superficial urothelium have been proposed to be 
pathophysiological mechanisms (14). In our study, 
there was a statistically significant increase in blood 
concentration of NGF in all experimental groups, but a 
particularly a high level of NGF concentration both in 
blood and urine was determined in the 4th group. Due 
to the penetration of urine through the affected areas, 
interstitial tissues were irritated resulting in a decrease 
in the protective properties of the mucous membrane. 
Chronic inflammation leads to fibrosis of the bladder wall 
and decrease in the bladder capacity–as a result, wrinkled 
tissues do not function at full strength, their accumulative 
and excretory functions are impaired eventually (3,16). 
Our results are comparable with data from the study by 
Steers and Tuttle (14).

Our data regarding elevated NGF are consistent with 
the results of other studies (17-19). NGF was discovered 
as a secreted protein necessary for the development of 
sympathetic and peripheral sensory neurons (20,21). 
A direct relationship has been shown between painful 
inflammatory conditions in the lower urinary tract and 
elevated levels of urine NGF level (21). It is believed that 
urinary NGF plays a key role in the correlation between 
inflammation and pain stimulation since it is produced 
by urothelial cells, smooth and fat cells while activating 
their degranulation and proliferation (17,22).

Many researchers consider NGF as a potential IC/BPS 
biomarker. It has been established that the level of NGF in 
the urine can be used as a biomarker for the diagnosis of 
IC/BPS, for the differential diagnosis of this disease and 
hyperactive bladder and also may serve as a prognostic 
factor (18,23). Reports showing that inflammation 
increased the expression of NGF arouse interest in NGF 
as an important indicator of IC/BPS inflammation. It has 
been shown that inflammation caused neuroplasticity 

leading to increased urinary NGF level and thus IC/
BPS (18). Some authors supposed that NGF played an 
important role in the pathogenesis of IC/BPS (18,22). 
The results obtained in this study also indicated an 
increase in the concentration of another marker–EGF. At 
the same time, the most marked changes in the level of 
EGF in blood and urine were identified in the group of the 
toxic model of IC/BPS that was created by injecting urine 
into the bladder wall. It should be noted that EGF that 
belongs to the group of growth factors (cytokines) and is 
a polypeptide with a molecular weight of 6000, was first 
isolated in 1975 (24). It has been established that EGF 
stimulates cell growth, proliferation and differentiation 
by binding to its receptor; it is a powerful mitogen and 
stimulates the synthesis of mRNA, DNA and proteins of 
epithelial cells (25). We suggest that elevated EGF level is 
a response to bladder damage caused by chemicals and 
toxic substances. Taking into consideration that EGF is 
urothelial and smooth muscle cell mitogen and increases 
proliferation and also product of many epithelial 
cells (26-28), it can be assumed that damage to the 
glucosaminoglycan layer of the bladder by introducing 
urine into the bladder wall will increase the level of EGF 
leading to stimulation of cell proliferation. The duration 
of this condition of the bladder, further enhances the 
correlation between the level of EGF in the blood and 
urine, as evidenced by the correlation coefficient in the 
second experimental group after 14 days of the study. 
The duration of this condition of the bladder further 
intensify the correlation between the levels of EGF in 
the blood and urine as evidenced by the correlation 
coefficient after 14 days of research in the 2nd group of 
the experimental model.

StudyLimitations

The results allow us to expand modern ideas about the 
role of NGF and EGF in IC/BPS and confirm that damage to 
urothelium can be of a neurogenic nature. Our studies are 
necessary to study the course of the pathological process, 
with the goal of subsequent extrapolation of the data for 
use in human medicine.

Conclusion
Studies of the level of NGF and EGF in animal models 

of IC/PBS in dynamics showed their increase. The presence 
of elevated levels of NGF in the blood and urine of 
animals with IC/BPS is apparently caused by inflammatory 
components and a significant increase in NGF levels 
in animals with a model created by the introduction of 
urine into the bladder wall with chronic inflammation 
and toxicity of the components of the urine. Changes in 
EGF levels may be associated with IC/BPS. The revealed 
correlation indicates the cause-and-effect relationship. 

Table 3. Correlation coefficient between indicators of nerve 
growth factor in blood and urine

Experimental groups Study period

after 1 day 14 days

1(n=8) +0.163 -0.088

2(n=7) -0.219 +0.715
p=0.05

3(n=8) +0,294 +0.415

4(n=15) +0.215 +0.216

5(n=7) +0.691 -0.330

6(n=8) -0.059 +0.880
p=0.01

n: Number
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The presence of a correlation between NGF and EGF 
and its strengthening as IC/BPS progresses indicates an 
increase in proliferation process in the bladder wall. The 
determination of proliferation markers can be used in the 
diagnosis and monitoring of IC/BPS. In further studies, 
along with the study of the level of NGF and EGF, it is 
advisable to study the level of mast cells in patients with 
IC/BPS.
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