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Nerve growth factor (NGF), brain derived neurotrophic factor (BDNF), cytokines, stem cell factor etc. are some promising 
biomarkers for overactive bladder (OAB). To diagnose OAB urinary NGF/Creatinine (Cr) has 87.5% sensitivity and 100% 
specificity, and BDNF/Cr has 87.5% sensitivity and 83.3% specificity. In female OAB patient, urinary MCP-1 (monocyte 
chemotactic protein) was very high. In plasma 5 biomarkers IL-4 (Interleukin), TNF-α (Tumor necrosis factor), MIP-1β 
(macrophage inflammatory protein), SAA (Serum amyloid A), and Tie2 (Tyrosine kinase receptor) could significantly 
differentiate between OAB patients and control individuals. c-kit ligand, stem cell factor (SCF) found to be significantly more 
on overactive bladder than control. mRNA expression of connexin (Cx) and transient receptor potential (TRP) channel on 
urothelial cells from urine showed positive correlations of Cx26 vs urgency score, Cx40 vs nocturia, TRPM2 (Transient receptor 
potential melastatin 2) vs intermittency, TRPV1 (Transient receptor potential cation channel subfamily V member 1) vs urgency 
incontinence, and negative correlation of Cx40 vs intermittency. In plasma measurement of miR-98-5p (upregulation) + miR-
139-5p (downregulation) seems to be a good biomarker (AUC = 0.839). 
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Introduction 
Overactive bladder (OAB) is a condition of urinary 

urgency, usually accompanied by increased daytime 
frequency and/or nocturia, with urinary incontinence 
(OAB-wet) or without (OAB-dry), in the absence of 
urinary tract infection or other detectable diseases. 
(International Continence Society, ICS)1 Urinary 
frequency is defined as micturiting 8 or more times in 
a day (24 h). Nocturia is defined as waking to 
micturate 1 or more times per night2.  
 

Prevalence 
EPIC study [European Prospective Investigation 

into Cancer and Nutrition (EPIC) study] one of the 
largest population-based surveys, revealed OAB 
prevalence as 11.8%, with similar rates in men and 
women3. NOBLE study (National Overactive Bladder 
Evaluation) in the USA revealed the prevalence of 
16% (men) and 16.9% (women). With increasing age, 

women faced more urgency incontinence  
> 44 years whereas for men it is > 64 years4. In Asia, 
the overall prevalence of OAB is 53.1% and 
prevalence of urgency incontinence in the female is 
11.4%5. In India the prevalence of urgency urinary 
incontinence in the female is 38%6. 
 
Patho-physiology 

Detrusor muscle over activity is the root cause of 
OAB syndrome. Detrusor over activity (DO) may be 
due to - neurogenic, myogenic, or autonomous 
bladder activity7.  

Myogenic theory: Partial denervation of the 
detrusor myocytes may alter the properties 
(supersensitivity to neurotransmitters) of detrusor 
smooth muscle and leads to increased excitability and 
ability of activity to spread between cells. As a result, 
there are coordinated myogenic contractions of the 
whole detrusor8,9. 

Neurogenic theory: Cortical injury of the brain may 
cause the excitability of the bladder by reducing 
suprapontine inhibition. Spinal cord axonal pathways 
injury can lead to the emergence of primitive spinal 
bladder reflexes triggered by C-fiber bladder afferent 
neurons. Hence there could be bladder excitability10,11. 

————— 
*Correspondence:  
Phone: 9051783310 
E-mail: somapb@gmail.com 
 

Abbreviation: AUC, Area under curve; Cr, Creatinine; DO, 
Detrusor Overactivity; ELISA, Enzyme-linked immunosorbent 
assay; MCP 1, Monocyte chemotactic protein 1; ROC, Receiver 
operating characteristic 
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Autonomous bladder theory: Detrusor muscle is 
arranged into modules which are circumscribed areas 
activated during the storage phase of the micturition 
cycle. The modules might be controlled by a 
peripheral myovesical plexus, comprised of 
intramural ganglia and interstitial cells. DO results 
from a shift in the balance of excitation and inhibition 
in smooth muscle modules12. 

The women suffering from OAB literary feel afraid 
of going out of home – if urgency comes and no toilet 
nearby! This has become a nightmare for them. 
Slowly they become depressed. The bothersome 
discomfort faced by the women suffering from 
overactive bladder has urged the researcher to seek 
for any biomarker (biological marker) which may 
diagnose or predict the possibility of overactive 
bladder and respective care may be addressed to that 
women. 
 
Overactive bladder biomarker 

Biomarkers are used to envisage the health status in 
individuals or across the populations so as to plan 
appropriate therapeutic intervention13. Recent years 
have seen the onset of novel technologies like 
proteomics, metabolomics, lipidomics, and urinomics, 
to develop many novel biomarkers14. Due to the 
complex pathophysiology of overactive bladder 
(OAB) researchers are searching biomarkers 
connected with bladder inflammation or nerve 
growth. Nerve growth factor (NGF), the brain 
derived neurotrophic factor (BDNF), cytokines, stem 
cell factor etc. are showing promising results15. 

BDNF (Brain derived neurotrophic factor), 
NGF (Nerve growth factor) 

BDNF and NGF belongs to neurotrophin family of 
growth factors. They are dimeric molecules with 50% 
identical structures16. BDNF involves to axonal 
growth, pathfinding and in the modulation of 
dendritic growth and morphology17 –– thus may cause 
detrusor overactivity (Fig. 1). 

The urinary levels of NGF/Cr were higher in OAB 
patients than in controls P <0.001)19,20. BDNF, NGF 
etc. levels are adjusted according to the urinary 
creatinine (Cr) level. This is done as there is varying 
hydration level which may give otherwise false data if 
not corrected21. Urinary creatinine assessment can be 
done by the commercially available kit e.g. Cayman 
(Ann Arbor, MI, USA) which has a dynamic 
sensitivity of 0-15 mg/dl Cr. Absorbance level per 
sample can be measured at 500 nm, with 
concentration calculation is done as per the standard 

curve. Before treatment urine NGF/Cr ratio and 
BDNF/Cr ratio were significantly higher in OAB22,23. 

NGF/Cr was found to have 87.5% sensitivity and 
100% specificity, and BDNF/Cr was found to have 
87.5% sensitivity and 83.3% specificity for OAB 
diagnosis. BDNF/Cr was more significant in 
treatment follow-up (decreased)22. In patients where 
there was no recurrence, urinary NGF/Cr decreased at 
the end of treatment in comparison to the baseline. 
This decreased level was maintained at 12 weeks after 
the end of treatment (P<0.05)24. Increased urinary 
NGF, BDNF, and ATP can help in identifying OAB 
phenotypes and choose patients for therapies directed 
to neurotrophic and purinergic pathways25. 
 

 
Fig. 1 — Signaling pathway of BDNF: Mature Brain derived 

neurotrophic factor (mBDNF) binds to Tyrosine kinase b ( TRKB) 
receptor → recruitment of proteins → activation of 3 signal 
transduction cascade → 1) sequential activation of IRS-1/2, PI-3K, 
Akt; 2) sequential activation of Shc/Grb2, Ras, Raf, MEKs, ERK; 3) 
activation of PLC, IP3, DAG, PKC. These signal transduction 
activates CREB and CREB-binding protein (CBP) → expression of 
genes encoding proteins involved in neural plasticity, stress resistance, 
and cell survival. [IRS-1/2 - Insulin receptor substrate-1, PI-3K -
phosphatidylinositol-3-kinase, Akt - protein kinase B, Shc - Science. 
Src homology 2 domain-containing a structural domain in signal 
transduction proteins, GRB2 - Growth factor receptor-bound protein 
2, RAF – Rapidly accelerated fibrosarcoma, MEK - mitogen-
activated protein kinase, ERK - extracellular signal regulated 
kinases, PLC - phospholipase C, IP3 - inositol (1,4,5)-trisphosphate, 
DAG – diacylglycerol, PKC - protein kinase C, CREB - cAMP-
response-element-binding protein. (This figure is adapted and 
modified from Bathina S & Das UN18.)  
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C-reactive protein  
C-Reactive Protein (CRP) is not a typical marker of 

the patho-physiological processes of OAB. It is a non-
specific marker of inflammation. Hence it has too 
poor sensitivity and specificity to become an isolated 
biomarker of OAB15. 

 
Cytokines 

Certain cytokines and chemokines are found 
relevant as a biomarker for overactive bladder. 
Chemokines are chemotactic cytokines. Most 
important chemokines causing chemotactic migration 
of macrophages, eosinophils, and mast cells are 
monocyte chemotactic protein 1 (MCP-1; CCL2), 
macrophage inflammatory protein (MIP-1; CCL4), 
and eotaxin (CCL1)26. There is a linear relationship 
between the severity of the patient’s OAB symptoms 
and the level of these urinary proteomics27. Urinary 
monocyte chemotactic protein 1 (MCP-1) is been 
studied in relation to OAB. It has been found that in 
female OAB patient urinary MCP-1 was very high in 
comparsion to the healthy individual. OAB-wet 
patients had a higher level in comparison to OAB-dry. 
Urinary MCP-1 levels measured by ELISA and 
normalised by urinary creatinine (Cr) levels28. More 
than 10-fold increase in the levels of MCP-1 and the 
soluble fraction of the CD40 ligand was seen in OAB 
patients in comparsion to control individuals. The 
five-fold increase was seen in the levels of MIP-1β, 
interleukin (IL)-12, p70/p40, IL-5, EGF, and growth 
related oncogene-A and a 3-fold increase was seen in 
soluble IL-2Ra, and IL-10 in compare to control 
individuals29. In female with OAB, there were 
increased levels of IL-8 and /or MCP-1 in the urine30. 
Contrary to the above mentioned findings, another 
study found a significantly lower level of urinary  
IL-10, IL-12p70, and IL-13 levels in OAB patients in 
comparison to control31. IL 1 corresponded with 
worsening symptom distress on UDI-6 (Urinary 
Distress Inventory Questionnaire 6). This observation 
has warranted for further in-depth study of these 
cytokines in OAB. 

Analysis of plasma by mesoscale discovery analysis 
revealed that 5 biomarkers (IL-4, TNF-α, MIP-1β, 
SAA, and Tie2) could significantly differentiate 
between OAB patients and control individuals. In OAB 
patients significantly lower value for IL-4, an anti-
inflammatory cytokine, and Tie2, tyrosine kinase 
receptor involved with angiogenesis were observed 
whereas, significantly higher value for TNF-α, a 
proinflammatory cytokine/chemokine, SAA,(Serum 

amyloid A) an acute phase apolipoprotein important for 
recruitment of immune cells to inflammatory sites and 
MIP-1β in compare to control were observed32. An 
animal study reported the protective effects of IL-4 on 
the bladder wall during inflammation and detrusor 
overactivity. Vector-mediated expression of IL-4 with 
irritated bladder wall resulted in decreased bladder 
overactivity, as well as decreased inflammatory 
response and nociceptive behaviour in comparison to 
the untreated bladder33. That means IL-4 have an anti-
inflammatory, protective effect on the bladder wall. 
The role of Tie2 in OAB is not properly known though 
its role in bladder carcinoma is well known - 
significantly lower than the control34 (Fig. 2).  
 
Prostaglandins 

Prostaglandins (PGs) increase the afferent signals 
of the micturition reflex, leading to the occurrence of 
OAB. Preclinical trials have revealed that PGs 
instilled into the urethra induces its relaxation; while 
intravesical instillation induces detrusor contraction20. 
Levels of PGE2 and PGF2α in the urine of OAB 
patients are considerably higher than in healthy 
individual36. Cyclooxygenase (COX) inhibitors 
improve DO due to cerebral infarction by suppressing 
peripheral C fibre’s without affecting urine 
production. The non-selective COX inhibitor is more 

 
Fig. 2 — Role of Interleukin in inflammation and repair

(Figure adapted and modified from Gieseck RL III et al.35) 
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efficient than the selective COX-1 or COX-2 inhibitor 
alone37. Hence PGs in the diagnosis of OAB is still 
had to go many more miles. 
 

Stem cell factor 
On immunohistochemical study c-kit ligand, stem 

cell factor (SCF) was found to be significantly more 
on overactive bladder than control38. Interstitial cells 
of Cajal (ICC) which is present in the gastro-intestinal 
tract, act as primary pacemaker cells that transmit 
depolarizing currents into neighbouring smooth 
muscles to start spontaneous slow waves and phasic 
contractions39. ICC expresses proto-oncogene c-kit, 
which is used as an identification marker for ICC40. In 
whole urinary tract starting from renal pelvis upto 
urethra c-kit positive ICCs are found – they are also 
called as interstitial cells (IC), ICC-like cells, or 
myofibroblasts41. In the urinary bladder ICCs may be 
responsible for signal transmission between smooth 
muscle bundles - from efferent nerves to muscles, and 
from urothelium to afferent nerves42. Now the stem 
cell factor gets bonded to ICCs via c-kit and affect the 
controlling of bladder function. In OAB patient 
median and IQRs of urinary SCF and SCF/Cr level 
was 85.9 pg/mL and 1.3 in compare to 18.9 pg/mL 
and 0.26 in control individuals38. 
 
mRNA expression 

mRNA expression of connexin (Cx) and transient 
receptor potential (TRP) channel on urothelial cells from 
urine was measured using quantitative real-time reverse 
transcription polymerase chain reaction. It revealed 
positive correlations Cx26 vs urgency score, Cx40 vs 
nocturia, TRPM2 (Transient receptor potential 
melastatin 2) vs intermittency, TRPV1 (Transient 
receptor potential cation channel subfamily V member 
1, also known as the capsaicin receptor and the vanilloid 
receptor 1) vs urgency incontinence, and negative 
correlation Cx40 vs intermittency43. In plasma of OAB 
patients up-regulation of let-7b-5p, miR-92a-3p, miR-
98-5p, miR-142-3p, and miR-200c-3p and down-
regulation of miR-139-5p was found. miR-98-5p 
showed the highest diagnostic accuracy alone 
(AUC = 0.79) in ROC curve analysis. Combined miR-
98-5p + miR-139-5p is seem to be a good indicator 
(AUC = 0.839). This knowledge may help in inventing 
drugs for OAB also44. Urinary bladder wall transfection 
of the miR-132 plasmid in absence of acetic acid 
exposure is independently able to induce overactivity, 
hypertrophy, and upregulation of NGF and other 
cytokines45. 

 

Conclusion  
Bladder inflammation and nerve growth factors are 

believed to be associated with OAB. BDNF, NGF, 
NGF/ Cr ratio, CRP, cytokines, prostaglandins, stem 
cell factors, mRNA expression of Cx and TRP channel 
on urothelial cells from urine are found to be 
associated with OAB. Five cytokines (IL-4, TNF-α, 
MIP-1β, SAA, and Tie2) in plasma significantly differ 
in OAB patients from healthy individuals. However, 
combined use of several biomarkers may yield a 
better level of sensitivity and specificity than a single 
one. New horizons are coming up regarding 
biomarkers of overactive bladder and some of them 
have the promise of helping in developing therapeutic 
agents. 
 
Conflict of Interest 

All authors declare no conflict of interest. 
 
References 
1 Haylen BT, de Ridder D, Freeman RM, Swift SE, Berghmans B, 

Lee J, Monga A, Petri E, Rizk D, Sand PK & Schaer GN, An 
International Urogynecological Association (IUGA)/ 
International Continence Society (ICS) joint report on the 
terminology for female pelvic floor dysfunction. Neurourol 
Urodyn, 29 (2010):4 

2 Abrams P, Cardozo L, Fall M, Griffiths D, Rosier P, Ulmsten U, 
van Kerrebroeck P, Victor A & Wein A, The standardisation of 
terminology of lower urinary tract function: report from the 
Standardisation Sub-committee of the International Continence 
Society. Neurourol Urodyn, 21 (2002):167. 

3 Irwin DE, Milsom I, Hunskaar S, Reilly K, Kopp Z, Herschorn S, 
Coyne K, Kelleher C, Hampel C, Artibani W & Abrams P, 
Population-based survey of urinary incontinence, overactive 
bladder and other lower urinary tract symptoms in five countries: 
results of the EPIC study. Eur Urol, 50 (2006) 1306. 

4 Stewart WF, Van Rooyen JB, Cundiff GW, Abrams P,  
Herzog AR, Corey R, Hunt TL & Wein AJ, Prevalence and 
burden of overactive bladder in the United States. World  
J Urol, 20 (2003):327.  

5 Lapitan MC & Chye PL, Asia-Pacific Continence Advisory 
Board. The epidemiology of overactive bladder among females 
in Asia: a questionnaire survey. Int Urogynecol  
J Pelvic Floor Dysfunct, 12 (2001) 226. 

6 Agarwal BK & Agarwal N. Urinary incontinence: prevalence, 
risk factors, impact on quality of life and treatment seeking 
behaviour among middle aged women. Int Surg J, 4 (2017):1953 

7 Bharathalaxmi K & Pal M, Pathophysiology of overactive 
bladder. In: Pal M, Urogynecology & Pelvic Reconstructive 
Surgery: (Jaypee Brothers Medical Publishers (P) Ltd. New 
Delhi) 2016, 30. 

8 Brading AF, A myogenic basis for the overactive bladder. 
Urology, 50 (1997) 57 Suppl 6A. 

9 Meng En, Recent research advances in the pathophysiology of 
overactive bladder. Incont Pelvic Floor Dysfunct, 3 (2009) 5 
Suppl 1. 

10 de Groat WC, A neurologic basis for the overactive bladder. 
Urology, 50 (1997) 36 Suppl 6A. 



INDIAN J. BIOCHEM. BIOPHYS., VOL. 57, APRIL 2020 
 
 

150

11 Fowler CJ, Bladder afferents and their role in the overactive 
bladder. Urology, 59 (2002) 37 Suppl 1. 

12 Drake MJ, Mills IW & Gillespie JI, Model of peripheral 
autonomous modules and a myovesical plexus in normal and 
overactive bladder function. Lancet, 358 (2001) 401. 

13 Das SK, Preface. Indian J Biochem Biophys, 55 (2018) 299. 
14 Vaidyanathan K & Gopalakrishnan S, Novel biomarkers for 

inborn errors of metabolism in the metabolomics era. Indian  
J Biochem Biophys, 55 (2018) 314. 

15 Wróbel AF, Kluz T, Surkont G, Wlaźlak E, Skorupski P, 
Filipczak A & Rechberger T, Novel biomarkers of overactive 
bladder syndrome. Ginekol Pol, 88 (2017) 568.  

16 Robinson RC, Radziejewski C, Stuart DI & Jones EY, Structure 
of brain derived neurotrophic factor/ neurotrophon 3 
heterodimer. Biochem, 34 (1995) 4139. 

17 http://www.phosphosite.org/proteinAction?id=23948&showAll
Sites=true accessed on 03.10.19 

18 Bathina S & Das UN, Brain-derived neurotrophic factor and its 
clinical implications. Arch Med Sci, 11 (2015) 1164. 

19 Suh YS, Ko KJ, Kim TH, Lee HS, Sung HH, Cho WJ, Lee M  
& Lee KS, Potential biomarker for diagnosis of  
overactive bladder patients: Urinary nerve growth factor, 
prostaglandin E2, and adenosine Triphosphate. Int Neurourol J, 
21 (2017):171.  

20 Sheng W, Zhang H & Ruth KH, Could urinary nerve growth 
factor be a biomarker for overactive bladder? A meta-analysis. 
Neurourol Urodyn, 36 (2017) 1703.  

21 Koven NS & Demers LA, Discordant peripheral levels of brain-
derived neurotrophic factor and serotonin are associated with 
enhanced emotional intelligence in men. Psychol Neurosci, 7 
(2014) 609.  

22 Özdemir K, Dinçel N, Berdeli A & Mir S, Can urinary nerve 
growth factor and brain-derived neurotrophic factor be used in 
the diagnosis and follow-up of voiding dysfunction in children? 
Urol J, 13 (2016) 2690. 

23 Tian XJ, Liu C, Liu K & Tang SY, Urinary biomarkers of 
overactive bladder. Chin Med J (Engl), 132 (2019) 1104. 

24 Suh YS, Ko KJ, Kim TH, Lee HS, Sung HH, Cho WJ &  
Lee KS, Urinary nerve growth factor as a potential biomarker of 
treatment outcomes in overactive bladder patients. Int Neurourol J, 
21 (2017) 270.  

25 Antunes-Lopes T & Cruz F, Urinary biomarkers in overactive 
bladder: revisiting the evidence in 2019. Eur Urol Focus, 5 
(2019) 329. 

26 Bouchelouche K, Alvarez S, Andersen L, Nordling J, Horn T & 
Bouchelouche P, Monocyte chemoattractant protein-1 
production by human detrusor smooth muscle cells. J Urol, 171 
(2004) 462e6. 

27 Kuo HC, Liu HT & Shie JH, Potential urine and serum 
biomarkers for patients with overactive bladder and interstitial 
cystitis/bladder pain syndrome. Tzu Chi Med J, 25 (2013) 13. 

28 Farhan B, Chang H, Ahmed A, Zaldivair F & Ghoniem G, 
Characterisation of urinary monocyte chemo attractant protein 1: 
Potential biomarker for patients with overactive bladder. Arab  
J Urol, 17 (2019) 58. 

29 Tyagi P, Barclay D, Zamora R, Yoshimura N, Peters K, 
Vodovotz Y & Chancellor M, Urine cytokines suggest an 
inflammatory response in the overactive bladder: a pilot study. 
Int Urol Nephrol, 42 (2010) 629.  

30 Lesovoy V, Kolupayev S & Savenkov V, Diagnostic value of 

urine cytokine levels in women with overactive bladder, in 
Abstracts (International Continence Society, Bristol) 2016, 855. 

31 Pillalamarri N, Shalom DF, Pilkinton ML, Winkler HA, 
Chatterjee PK, Solanki M & Metz CN, Inflammatory urinary 
cytokine expression and quality of life in patients with 
overactive bladder. Female Pelvic Med Reconstr Surg, 24 
(2018) 449.  

32 Ma E, Vetter J, Bliss L, Lai HH, Mysorekar IU & Jain S, A 
multiplexed analysis approach identifies new association of 
inflammatory proteins in patients with overactive bladder. Am  
J Physiol Renal Physiol, 311 (2016) F28. 

33 Oguchi T, Funahashi Y, Yokoyama H, Nishizawa O,  
Goins WF, Goss JR, Glorioso JC & Yoshimura N, Effect of 
herpes simplex virus vector-mediated interleukin-4 gene therapy 
on bladder overactivity and nociception. Gene Ther, 20 (2013) 
194. 

34 Szarvas T, Jager T, Droste F, Becker M, Kovalszky I, Romics I, 
Ergun S & Rubben H. Serum levels of angiogenic factors and 
their prognostic relevance in bladder cancer. Pathol Oncol Res, 
15 (2009) 193. 

35 Gieseck RL III, Wilson MS & Wynn TA. Type 2 immunity in 
tissue repair and fibrosis. Nat Rev Immunol, 18 (2018) 62. 

36 Liu HT, Tyagi P, Chancellor MB & Kuo HC. Urinary nerve 
growth factor but not prostaglandin E2 increases in patients with 
interstitial cystitis/bladder pain syndrome and detrusor 
overactivity. BJU Int, 106 (2010) 1681. 

37 Tanaka I, Nagase K, Tanase K, Aoki Y, Akino H & Yokoyama O, 
Improvement in neurogenic detrusor overactivity by peripheral 
C fiber's suppression with cyclooxygenase inhibitors. J Urol, 
183 (2010) 786. 

38 Kubota Y, Hamakawa T, Osaga S, Okada A, Hamamoto S, 
Kawai N, Kohri K & Yasui T. A kit ligand, stem cell factor as a 
possible mediator inducing overactive bladder. Neurourol 
Urodyn, 37 (2018) 1258. 

39 Sanders KM, A case for interstitial cells of Cajal as pacemakers 
and mediators of neurotransmission in the gastrointestinal tract. 
Gastroenterol, 111 (1996) 492. 

40 Maeda H, Yamagata A, S. Nishlkawa S, Yoshinaga K, 
Kobayashi S, Nishi K & Nishikawa S, Requirement of c-kit for 
development of intestinal pacemaker system. Development, 116 
(1992) 369. 

41 McCloskey KD, Interstitial cells in the urinary bladder—
localization and function. Neurourol Urodyn, 29 (2010) 82. 

42 Kubota Y, Kojima Y, Shibata Y, Imura M, Sasaki S &  
Kohri K, Role of KIT-Positive Interstitial Cells of Cajal in the 
Urinary Bladder and Possible Therapeutic Target for Overactive 
Bladder. Advances Urol, 2011 (2011): Article ID 816342.  

43 Shimura H, Mitsui T, Tsuchiya S, Miyamoto T, Ihara T,  
Kira S, Nakagomi H, Sawada N, Imai Y, Mochizuki T & 
Takeda M, Development of novel and non-invasive diagnostic 
markers for lower urinary tract symptoms using urothelial cells 
in voided urine. Neurourol Urodyn, 37 (2018) 1137.  

44 Fırat E, Aybek Z, Akgün Ş, Küçüker K, Akça H & Aybek H, 
Exploring biomarkers in the overactive bladder: Alterations in 
miRNA levels of a panel of genes in patients with OAB. 
Neurourol Urodyn, 38 (2019) 1571.  

45 Kashyap M, Pore S, Chancellor M, Yoshimura N & Tyagi P, 
Bladder overactivity involves overexpression of MicroRNA 132 
and nerve growth factor. Life Sci, 167 (2016) 98. 

 


