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Biomarkers and Cellular Infiltration of the Bladder in Interstitial
Cystitis/Bladder Pain Syndrome

interstisyel Sistit/Mesane Agrisi Sendromunda Mesane Biyobelirtecleri ve Hucresel
Infiltrasyonu

© Rashad Farkhad ogly Sholan

Republican Centre of Diagnosis and Treatment, Head of Department of Kidney Diseases and Transplantology, Baku, Azerbaijan

What’s known on the subject? and What does the study add?

The search for a biomarker for interstitial cystitis/painful bladder syndrome (IC/BPS) is of great interest. Assume the participation of nerve
growth factor (NGF), cytokines, activated mast cells in the pathogenesis of IC/BPS. An analysis of the current literature showed a lack of
consensus on the potential biomarkers of this disease. We have identified elevated levels of NGF and interleukin-8 in the urine, as well as
lymphocytes and mast cells in the biopsy specimens of the bladder. However, no strong relationship between these indicators was observed.

Abstract T

Objective: To study the content of nerve growth factor (NGF), interleukin (IL)-8 in the urine, mast cells, and white blood cells in a biopsy of the
bladder and the relationship between them in women with interstitial cystitis/bladder syndrome (IC/BPS).

Materials and Methods: Forty-one women with IC/BPS (mean age: 46.6+14.0 years) and 20 women without IC/BPS (mean age: 35.3+9.7 years)
were examined in this study. Cystoscopy with hydrodistension was performed. NGF and IL-8 were determined in the urine by enzyme-linked
immunosorbent assay. The number of mast cells and leukocytes was determined in biopsy specimens of the bladder wall. Statistical calculations
were performed in Excel 2016 (SPSS 15.0). Results were processed using the Pearson'’s correlation coefficient to describe the relationships between
variables.

Results: Diffuse submucosal hemorrhages (43.9%) were more common. The level of NGF was 142.26+134.906 ng/mL, IL-8 was 51.3+9.36 pg/mL, and
lymphocytes (238.0+166.42) and mast cells (82.27+38.76) predominated in the biopsy specimens. A correlation of the mast cells with the plasma
cells (r=-0.228), neutrophils (r=-0.227), and lymphocytes (r=-0.156) was observed. NGF and IL-8 correlated with mast cells, neutrophils, and plasma
cells with weak multidirectional bonds.

Conclusion: With IC/BPS, the concentration of NGF and IL-8 in the urine is increased. In biopsy specimens, mainly lymphocytes and mast cells,
the correlation of NGF and IL-8 with mast cells, neutrophils, and plasma cells is weak. These indicators can be included in a complex of diagnostic
studies.
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Oz
Amac: Bu arastirmanin amaci, idrar kesesi duvari biyopsi drneklerinde idrardaki sinir bliylime faktorii (NGF), interlskin (IL) -8 seviyesini, mast
hiicrelerini ve beyaz kan hiicrelerini arastirmak ve interstisyel sistit/mesane agrisi sendromu (IS/MAS) kadinlarda bu parametreler arasindaki iliskiyi
degerlendirmektir.

Gereg ve Yontem: iS/MAS'li 41 kadin (ortalama yas: 46,6+14,0 yil) ve bu hastaligi olmayan 20 kadin (ortalama yas 35,3+9,7 yil) incelendi. IS/MAS
tanisi hidrodistrasyon sonrasi sistoskopik verilere dayanilarak konuldu. Mesane duvarinin biyopsi 6rneklerinde mast hiicresi ve I6kosit sayisi belirlendi.
istatistiksel hesaplamalar Excel 2016'da yapildi (SPSS 15.0). Sonuclar, degiskenler arasindaki iliskileri tanimlamak igin Pearson'un korelasyon katsayisi
kullanilarak islenmistir.
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Bulgular: Hastali§in siiresi 6,0+2,8 yil idi. Visual analog skala ve ICSI skalalarinin ortalama skoru sirasiyla 5,47+0,91 ve 14,7+2,2 puan idi. Cogu
zaman (%43,9) mesane duvarinda submukozal kanamalar meydana geldi. idrardaki ortalama NGF seviyesi 142,26+134,906 ng/mL ve IL-8 - 51,3+9,36
pg/mL idi. Biyopsi 6rneklerinde lenfositler (238,0+166,42) ve mast hiicreleri (82,27+38,76) baskindir. Mast hiicrelerinin sayisi, plazma hiicrelerinin
(r=-0,228), nétrofillerin (r=-0,227) ve lenfositlerin (r=-0,156) zayif geri bildirimi ile korele idi. NGF ve IL-8 seviyeleri, zayif ¢ok yonlii iligkileri olan
mast hiicreleri, notrofiller ve plazma hiicreleri ile korelasyon gosterdi.

Sonug: iS/MAS'li hastalarda idrardaki NGF ve IL-8 konsantrasyonu artar. Mesane biyopsi érnekleri agirlikli olarak lenfositler ve mast hiicreleri
tarafindan enfiltre edilir. NGF ve IL-8 seviyeleri, zayif iliskileri olan mast hiicrelerinin, nétrofillerin ve plazma hiicrelerinin sayisi ile iliskilidir. Elde

edilen sonuclar iS/l\/IAS etiyolojisinin daha iyi anlasiimasini saglar ve teshis prosediirleri kompleksine dahil edilebilir.
Anahtar Kelimeler: Interstisyel sistit/mesane agrisi sendromu, Idrar, Kadinlar, Sinir blytime faktord, Interldkin, Zorunlu hiicreler

Introduction

Interstitial cystitis/bladder pain syndrome (IC/BPS) is one of the
urological impairments that has a huge impact on one's quality
of life (1,2). According to the literature, 300 of every 100,000
women suffer from this disease worldwide (3).

The diagnostic criteria for this disease are complex and
ambiguous. The diversity of symptoms and differences in
patients' susceptibility to treatment indicate that IC/BPS has a
polyetiological nature (4).

Moreover, the nature of IC/BPS is yet not fully understood. At
present, there are different theories of this disease. The etiological
factors of the disease include autoimmune, allergic, infectious,
neurological, and vascular diseases, as well as infiltration of the
bladder wall by increased number of mast cells, injury of the
protective layer of the mucous membrane, and the impact on
the bladder wall of toxic substances contained in urine. One of
the existing theories of the disease is the activation of mast cells
and neurogenic inflammation theory (5,6). The lack of standard
diagnostic procedure and poor correlation of the patient's
clinical features with cystoscopic data or a hydrodistension
procedure are some of the reasons why biomarkers are more
promising for clinical diagnosis as well as for understanding the
pathophysiology of IC/BPS (7). Nerve growth factor (NGF) as
a potential biomarker is particularly of great interest for the
diagnosis of patients with IC/PBS. Studies have shown a direct
relationship between the painful inflammatory processes in the
lower urinary tract and increased NGF level in bladder tissues
and urine (8-10). Data from several studies have indicated the
central role of activated mast cellsin the IC/BPS pathogenesis and
pathophysiology. When activated, mast cells secrete biologically
active mediators that can cause symptoms of this disease (11).
Recently in the medical scientific literature, much attention
has been paid to the study of cytokines in IC/BPS. According
to these studies, the interaction of cytokines and receptors can
activate signaling pathways that cause transcription and release
of other proinflammatory/nociceptive mediators, including NGF
and other cytokines and chemokines from peripheral neurons or
glial cells. The expression of cytokines alone or in combination
with other cytokines, growth factors, or other mediators can

form a bidirectional communication network between the
nervous system and the immune system (12).

Thus, the diagnosis and management of patients is often
difficult due to the incomplete clear pathogenesis of IC/BPS and
its unknown etiology. IC/BPS mandates an in-depth study, basic
and clinical research, especially regarding the diagnostics and
biomarkers. Therefore, the etiology, pathogenesis, and clinical
features of IC/BPS require in-depth fundamental and clinical
investigations, especially with regard to the diagnosis of the
disease and determination of the diagnostic value of biomarkers.

The aim of this research was to investigate the levels of NGF
and interleukin (IL)-8 in urine, mast cells, and white blood cells
in urinary bladder wall biopsy specimens and to assess the
relationship between these parameters in women with IC/BPS.

Materials and Methods

This study was conducted in accordance with the principles
of the World Medical Association Declaration of Helsinki:
Recommendations guiding physicians in biomedical research
involving human subjects (13). In addition, informed consent
was obtained for each patient and the examined control group.

In this study, 41 women with IC/BPS (main group) and 20
women without IC/BPS (control group) were included. IC/
BPS was diagnosed according to the cystoscopic data after
hydrodistension.

The inclusion criteria of the study were:

- Women aged 17 years and over who have had an onset of IC/
BPS signs during at least the last six months;

- Non-ulcer type of IC/BPS; and
- An absence of diabetes, arthritis, systemic lupus erythematosus.
The exclusion criteria, on the other hand, were:

- The presence of acute or exacerbation of a chronic urinary
tract infection, as well as asymptomatic bacteriuria during the
last three months before inclusion into the study;

- The presence of diseases or conditions that could be the cause
of pelvic pain and urinary discomfort, including neurological
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diseases, bladder and ureteral stones, severe prolapse of the
pelvic organs, infravesical obstruction;

- Tumors of the pelvic organs at the time of the investigation
period or in anamnesis;

- Therapeutic treatment of IC/BPS for three months prior to the
start of study;

- Bladder hydrodistension and/or intravesical injections of
botulinum toxin in anamnesis; and

- A negative lidocaine test.

In addition, in the control group, none of the examined women
had a history of IC/BPS and any diseases of the lower urinary
tract.

The bladder pain in patients with IC/BPS was measured using
a visual analog scale. According to this scale, each centimeter
on the line corresponds to 1 point. So, the minimum value 0
represented a complete absence of pain syndrome; up to 2 points
was classified as weak; 2-4 as moderate; 4-6 as strong; 6-8 as
the strongest; and the maximum value, that is, 10 corresponded
to an intolerable pain.

Further, the O’'Leary-Sant Interstitial Cystitis Symptoms index
(ICSI) was used to evaluate the treatment of patients with IC/
BPS (14). The scale consists of four questions, each of which is
rated between 0 and 5 points, the maximum number of points
being 20. The questions reflect the severity of the major IC/
BPS symptoms over the last month prior to the survey. How
often have you felt the strong need to urinate with little or no
warning? Have you had to urinate again less than 2 hours after
you finished urinating? How often do you most typically get up
at night to urinate? Have you experienced pain or burning in
your bladder?

All patients underwent a comprehensive examination, including
cystoscopy and hydrodistension of the bladder, which was
performed in an endoscopic operating room under general
anesthesia using Olympus endoscopes (Japan) with 30- and
70-degrees optics. For the analysis of cystoscopic changes,
a grading system was used that included five classes: 0 - no
changes in the mucosa, |- rare glomerulations at least in two
quadrants, Il- diffuse submucosal hemorrhages, Ill- diffuse
mucosal bleeding, and IV- Hunner's lesions.

To determine the NGF and IL-8 in urine, 10 ml urine was collected
in a sterile test tube and the obtained biosamples were placed
on ice and delivered to the laboratory within 15-20 minutes.
The samples were centrifuged for 10 min at 3000 rpm and a
temperature of 4°C. For storage, supernatants were poured into
1 mL Eppendorf tubes and stored until analysis at a temperature
of -80°C. While the NGF was determined by the enzyme-linked
immunosorbent assay using a set of NGF Emax® Medispec 6000
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M apparatus (Israel), the concentration of IL-8 was determined
by the method of solid-phase immunoenzymatic analysis using
the reagent sets of Vector-Best company (Russia). Additionally,
the number of mast cells and leukocytes was determined in
biopsy specimens of the bladder wall taken during cystoscopy.
Finally, a deep biopsy from the bladder wall till the muscle
layer was performed under short-term intravenous anesthesia.
The biopsy site was re-examined after which the cystoscope
was removed, and 30-60 minutes later the patients urinated
on their own. Moreover, after a biopsy of the bladder wall, the
patients were monitored for 5-6 hours. No cases of bleeding
or other complications were noted. Samples of biopsies were
fixed in 10% buffer of a neutral solution of formalin. Next,
the specimens were prepared in alcohol solutions at the
concentrations of 75%, 85%, 95%, and 99.9%. Subsequently,
the samples were contained in a xylene solution and enclosed
in paraffin blocks from which serial sections 3-5 microns were
prepared and stained by the May-Griinwald-Giemsa method to
detect mast cells. Each cross-section was divided into 10 areas.
Cell infiltration was evaluated in each of these areas using
the following scale: 0- no cells; 1- <20 cells; 2- 20-45 cells;
3- >45 cells. The points of all 10 sections were added and then
divided by 30 (maximum possible score) and multiplied by 100.
Therefore, the cell scores were the average of the three studied
sections. Microscopy was performed at x200 magnification (15).

Statistical Analysis

Data were analyzed using Excel 2016 (SPSS 15.0). Statistical
indicators were expressed as mean + standard deviation as
well as in numbers and percentages. The Pearson's correlation
coefficient was calculated to describe the relationships between

variables, and p<0.05 was considered as statistically significant.

Results

The patients in this study were aged between 21 and 76 years,
with a mean age of 46.6+14.0 years. Out of the 41 women with
IC/BPS, 12 patients (29.3%) were of reproductive age and 29
(70.7%) of premenopausal and menopausal age. In the control
group, the age of the examined women ranged between 17 and
53 years and the average age was 35.3+9.7 years.

In the main group, based on the obstetric-gynecologic history,
2 (4.9%) women had no pregnancies and the 39 (95.1%) had
one-four pregnancies; 4 (10.3%) women belonged to the unborn
and 35 (89.7%) had 1-3 genera; and 4 (10.3%) women were
nulliparous and 35 (89.7%) had 1-3 births. Overall, gynecological
diseases were registered in 12 (29.3%) women, and there were
9 (22.0%) cases of pelvic organ prolapse and 3 (7.3%) cases of
uterine myoma. While more than half of the observed patients
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(58.5%) could not associate the onset of IC/BPS symptoms with
any history event, 11 (26.8%) associated them with previous
urinary tract infections and 6 (14.6%) indicated emotional stress
as a possible reason for the development of IC/BPS. Table 1
presents the clinical characteristics of the examined main group.

Of note, in the control group, there were equal number of
women at reproductive age and those at premenopausal and
menopausal age, that is, 10 (50%) in each age group.

When comparing the main and control groups, a statistically
smaller number of women with IC/BPS of reproductive age
(41.4%, p<0.05) and a larger number of premenopausal and
menopausal women (29.28%, p<0.05) were revealed. During the
cystoscopy in women in the control group, no changes in the
mucous membrane of the bladder were detected.

According to the results of the ICSI scale, the largest number of
patients, that is, 23 (56.1%) had 14 points, 2 (4.9%) had a minimum
score of 10, and 6 (14.6%) had a maximum score of 20. In 24

the control group, the NGF level ranged from 0 to 746.19 ng/
mL, which averaged 130.69+124.985 ng/mL. The measurement
of the concentration of IL-8 in urine showed its increase in the
patients in the main group. The average level in the main group
was 51.3+9.36 pg/mL (30.4-67.6 pg/mL) and in the control
group was 24.1+5.37 pg/mL (11.2-31.0 pg/mL). When evaluating
the biopsy samples, inflammatory cell infiltration was revealed
(Table 2).

Mast cells correlated with weak feedback with plasma cells (r=-
0.228), neutrophils (r=-0.227), and lymphocytes (r=-0.156).

While the correlation analysis did not reveal any relationship
between NGF and IL-8, there was a weak relationship between
the level of NGF and IL-8 with the cells of the bladder biopsy
(Table 3).

Table 2. Cellular spectrum of bladder biopsies in women with
interstitial cystitis/bladder pain syndrome

! o ] Indicators Main group (n=41)

(58.5%) patients, urination more than 8 times a day was noted.

Mast cells 82.27+38.76 (0-237)

While the level of NGF in urine in the main group ranged from Eosinophils 1.61+1.44 (0-22)

35.7 to 848.8 ng/mL, which averaged 142.26+134.906 ng/mL, in Lymphocytes 238.0+166.42 (12-589)
Table 1. Clinical characteristics of patients with interstitial Neutrophils 26.06+17.67 (0-312)
cystitis/bladder pain syndrome Plasma cells 60.12453.26 (0-221)
Indicators Main group | Control

(n=41) ?r:(—);?)) Table 3. Correlation coefficient of cells with nerve growth
- factor and IL-8

Age 21-44 years, n[% 12/29.3 10/50.0 Cells NGF IL-8
Age 4.5—76 years, .n/% 29/70.7 10/50.0 Mast cells 10120 £0.062
Duration of the disease, years 6.0+2.8 - Eosinophils +0.053 +0.165
The average s?ore o.f the VAS 5.47+0.91 - Lymphocytes £0.017 o7
2-4 points (mild pain), n(% 8/19.5 - Neutrophils 0129 20,158
5-6 poTnts (moderate. pain), n/% 23/56.1 - Plasma cells 10187 0131
7-8 points (severe pain), n/% 10/24.4 - NGF: Nerve growth factor
O'Leary-sant interstitial cystitis 14.7+2.2 -
symptoms index (10-20)
Frequent urination, n/% 24/58.5 - Discussion
Imperative urination, n/% 11/26.8 -
Urgent incontinence, n/% 6/14.6 _ In this study, we reviewed the anamnesis, clinical picture of
Bladder capacity, M 276.0+61.8° | 40545372 patients with IC/BPS. The predominant symptom of IC/BPS is

' [108:360] | [322, 486] pain (16). In women with IC/BPS, severe pain was observed in
Urethral polyps, n/% 5/12.2 24.4%, moderate in 56.1%, and mild pain in 19.5% of cases.
Cystoscopy of the bladder mucosa Bladder volume ranged from 108 mL to 360 mL. A capacity of
Without changes, n/% 4/9.7* 20/100 <200 mL was reported in 7.3% of patients, which is consistent
Diffuse submucosal hemorrhages, nfo | 18/43.9 with other researchers who note that only about 8% of the
Glomerulations. nfd% 8/19.5 patients have a small volume of bladder (200 mL) (17).
Diffuse bleeding, n/o% 6/14.6 IC/BPS diagnosis often includes the exclusion of disorders such
Hunner lesions, n/% 5/12.2 as malignancy, infectious processes, bladder hyperactivity, and
VAS: Visual analogue scale, *: Statistical significance of differences between groups other sources of bladder pain and urinary symptoms that can
(p<0.05-0.001) mimic IC/BPS symptoms. There is no consistent cystoscopic

235



Journal of Urological Surgery,
2020;7(3):232-237

Rashad Farkhad ogly Sholan. Interstitial Cystitis/Bladder Pain Syndrome

diagnostic results for IC/BPS because cystoscopy can be
completely normal in many patients (18). According to our
data, 9.7% of patients had no changes in cystoscopy. However,
Hunner's lesions and inflammatory phenomena are often the
only cystoscopic findings that contribute to the diagnosis of
IC/BPS (19). In addition, petechial hemorrhages, also known as
glomerulations, were identified as diagnostic signs, but they can
also be found in asymptomatic patients. In our investigation,
out of the 41 patients in the main group, only 8 (19.5%) had
glomerations that covered >60% of the bladder surface.

Our results showed a slight increase (8.13%) of NGF in urine
in patients with IC/BPS compared to the control value and a
statistically significant increase in IL-8-53.0 (p<0.05). Our data
on elevated NGF in urine at IC/BPS are comparable to the results
of Tonyali et al. (8) and Kim et al. (20). However, in our studies,
the difference was not statically significant, whereas according
to these authors, the increase was statistically significant.
Currently, many researchers propose to introduce urinary NGF as
a biomarker (21). It regulates the development and maintenance
of sensory and sympathetic neurons and plays a role in painful
somatic and visceral inflammation (22).

It is believed that the urinary NGF plays a key role in the
correlation between inflammation and pain impulse, as it is
produced by urothelial cells, smooth, and mast cells activating
their degranulation and proliferation (22).

Chronic inflammation leads to increased secretion of NGF in the
urine which leads to morphological changes in the system of
sensitive and motoneurons of the bladder. Nevertheless, despite
the availability of numerous studies aimed at the search for
new IC/BPS biomarkers, the contribution of NGF to the bladder
function is not entirely clear.

Although the results showed an increase in the NGF and IL-8
levels, they did not correlate with each other. However, in the
etiology of IC/BPS, these indicators as factors of inflammation
play an important role, as inflammation has a direct effect
on the function of the bladder (23). Chronic inflammation of
the bladder is accompanied by infiltration of the bladder wall
by lymphocytes, mast, and plasma cells leading to irreversible
changes in tissues. Moreover, the analysis of the obtained
data showed that the morphological picture was represented
by different degrees of expression by cellular infiltration,
mainly lymphoplasmatic with mast cells. Our study found the
correlation of mast cells with neutrophils and plasma cells. In
addition, the cystoscopic picture (the presence of glomerulation,
Hunner's lesions, the severity of hematuria, and bladder volume)
did not directly correlate with the morphological changes in the
biopsy specimens. Approximately similar data were obtained by
Syed et al. (24).
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Modern electron microscopy and modern immunohistochemistry
data as well as staining methods confirm the central role of
mast cells in the pathogenesis and pathophysiology of IC/BPS.
However, researchers recommend continuing research aimed at
finding IC/BPS biomarkers.

Study Limitations

The main limitation of the present study is the small group of
surveyed patients. However, identifying urinary biomarkers with
IC/BPS will improve the diagnostic strategies and reduce patient
invasiveness, while also improving the exclusion criteria and
reducing the diagnostic time.

Conclusion

In patients with IC/BPS, an increase of urinary NGF and IL-8
levels was observed. Inflammatory cell infiltration of biopsy
samples of the bladder mainly by lymphocytes and mast cells
was detected. A weak correlation was found between the NGF
and mast cells, neutrophils, and plasma cells. [L-8 was correlated
with a weak direct relationship with eosinophils and reverse with
neutrophils and plasma cells. The obtained results contribute to
a better understanding of the etiology of IC/BPS and can be
included in the complex of diagnostic studies.
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