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Purpose: The aim of this study was to evaluate changes in levels of adrenergic receptor B3 (ADRB3), Rho-related kinase 2
(ROCK2), and guanine nucleotide exchange factor (GEF), which play key roles in the adrenergic and cholinergic pathways of
contraction-relaxation harmony in voiding physiology, and to explore the relationship between these proteins and overactive
bladder (OAB).

Methods: This study included 60 idiopathic OAB patients and a healthy control group. A validated OAB-validated 8 question-
naire was completed by all participants. Serum levels of ADRB3, ROCK2, and GEF were examined with enzyme-linked im-
munosorbent assays. Patient and control groups were compared in terms of these levels, and receiver operating characteristic
(ROC) curves were generated for all parameters.

Results: The levels of ROCK2 were significantly elevated, but there were no correlations between the OAB symptom score and
the serum levels of ROCK2, ADRB3, and GEF in OAB patients. In the ROC analysis, ROCK2 alone provided the strongest
potential relationship (area under the curve=0.651) with 84.9% sensitivity. The ROCK2+GEF combination provided a satis-
factory relationship (AUC=0.755). The AUC for the ADRB3+ROCK2+GEF combination was 0.752, with 64.2% sensitivity
and 88.2% specificity.

Conclusions: The study results suggest that alterations in serum ROCK?2 levels and the use of this parameter in combination
with ADRB3 and GEF levels can shed light on the pathophysiology of idiopathic OAB syndrome and provide a new perspec-
tive for treatment.
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¢ HIGHLIGHTS
- Serum ROCK?2 levels were significantly elevated in OAB patients. Could ROCK2 be a new treatment target?
- Receiver operating characteristic analysis suggested that ROCK2, alone and especially in combination with GEF or ADRB3, could act as an auxiliary
biomarker for the diagnosis of OAB.

INTRODUCTION of urgency, with or without urge incontinence, usually with fre-
quency and nocturia. For diagnosis, the presence of infection
Overactive bladder (OAB) is a symptom syndrome consisting or an obvious pathology should be ruled out. OAB is a clinical
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diagnosis [1]. The assessment of OAB is very important, espe-
cially for the evaluation of treatment effectiveness. OAB is diag-
nosed by symptoms only, and symptoms are subjective defini-
tions that vary from person to person. Recent studies have pro-
posed using several substances such as urinary proteins as aux-
iliary parameters for OAB, but there is a lack of studies compar-
ing these markers, and these proteins have been shown to have
low sensitivity and specificity [2].

The molecular mechanisms underlying the clinical status of
OAB are still not fully understood. Although the exact mecha-
nism of OAB has not been elucidated, the most widely accepted
theory of its pathogenesis is detrusor muscle hyperactivity be-
cause of increased contractions or decreased relaxation in the
detrusor smooth muscle [3].

The parasympathetic cholinergic system is responsible for
contractions in the bladder muscle. Agonists activate Rho through
the activation of muscarinic receptor M3 in smooth muscle [4].
Rho activity is regulated by guanine nucleotide exchange factor
(GEF), which regulates the separation of GDP from Rho and
the binding of GTP [5]. GTP-dependent Rho activates Rho-re-
lated kinase 2 (ROCK2), which then phosphorylates myosin
phosphatase and inhibits myosin phosphatase activity. ROCK2
also phosphorylates myosin light chain (MLC) directly. Thus,
ROCK?2 may be able to regulate smooth muscle contraction via
2 processes: the inactivation of myosin phosphatase and direct
MLC phosphorylation. Increased GEF levels in smooth muscle
cause excess ROCK2 expression, and increased ROCK2 activity
causes an increase in the phosphorylation of MLC. This in-
creases contraction and can cause OAB syndrome [4,6,7]. In
recent years, increasingly many studies have explored the vital
role of ROCK2 in many diseases, especially vascular and neu-
rodegenerative diseases. According to these developments, treat-
ments targeting ROCK2 and the use of ROCK2 inhibitors in
the treatment of many diseases are on the agenda [8].

The sympathetic system relaxes the bladder smooth muscle
via adrenergic receptor 3 (ADRB3). This receptor plays an im-
portant role in many tissues, such as smooth muscle, and its re-
laxation effect is exerted through the stimulation of adenyl cy-
clase and the accumulation of cCAMP [4]. A decrease in ADRB3
levels may be responsible for reduced relaxation via hypofunc-
tion of the receptor in the pathophysiology of OAB [9].

In line with these pathophysiological theories, the pharmaco-
logical therapy used in OAB patients consists of antimuscarinic
agents or beta-3 adrenoceptor agonists [10,11]. However, no
consensus exists regarding the difference between beta-adren-
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ergic therapy and antimuscarinic therapy in terms of effective-
ness [12]. Nonetheless, the serious adverse effects of antimusca-
rinic agents make it difficult for patients to continue treatment.
Therefore, several questions arise: Which patients should re-
ceive antimuscarinic treatment, and which should receive beta-
adrenergic treatment? Which pharmacological treatment will
be more successful in which patient? Could there be other
pharmacological treatment targets for these patients?

The aim of this study was to investigate whether ADRB3,
ROCK2, and GEF levels shed light on the molecular mecha-
nisms of OAB. Furthermore, deciding which treatment is appro-
priate for which patient at the time of diagnosis — thereby en-
abling the choice of a patient-specific treatment — will be an im-
portant step in increasing the success of OAB management. If
changes in levels of these parameters affect the pathogenesis of
OAB, the use of biomarkers may be considered to identify dif-
ferent OAB phenotypes, which can be the target of new treat-
ment options.

MATERIALS AND METHODS

Selection of Patients and Healthy Volunteers

The inclusion of at least 102 participants (51 patients and 51
controls) would result in 80% power with a 95% confidence
level according to the power analysis performed before the
study. Sixty female OAB patients aged > 18 years were included
in the study. Patients who had troubling urgency or a compel-
ling desire to void and also had a score of at least 11 points on
the OAB-validated 8 (OAB-V8) questionnaire were diagnosed
as having OAB. They had not previously received any treatment
for OAB. The exclusion criteria were having any lower urinary
tract dysfunction, urinary tract diseases such as stones, neuro-
genic bladder, bladder obstruction, tumors, infections, severe
renal failure, liver failure, and myasthenia gravis. Sixty healthy
individuals, who were matched to the patients in terms of age,
sex, body weight, height, and body mass index (BMI), com-
prised a control group. They were selected as volunteers from
patients’ relatives and hospital staff who did not have any uri-
nary complaints or other diseases. A validated Turkish version
of the OAB-V8 questionnaire was completed by all participants
[13].

Measurement of Serum ADRB3, GEF, and ROCK2 Levels
Whole blood samples were collected from participants in the

morning after at least 8 hours of fasting. Serum samples from
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whole blood were centrifuged after coagulation and then stored
at —80°C until analysis. Enzyme-linked immunosorbent assay
(ELISA) analysis was performed using an ELx800 Absorbance
Microplate Reader (BioTek Instruments, Winooski, VT, USA)
detection system using a human ADRB3 ELISA Kit (SinoGene-
Clon Biotech, Hangzhou, China, Cat. No: SG-16339), a human
GEF ELISA kit (SinoGeneClon Biotech, China, Cat. No: SG-
16405), and a human ROCK2 ELISA Kit (SinoGeneClon Bio-
tech, China, Cat. No: SG-10439) following the manufacturer’s
protocol with sensitivity of 0.1 ng/mL, 0.1 ng/mL, and 2 pg/mL,
respectively. The intra-assay and inter-assay coefficients of vari-
ation of all 3 kits were <8% and < 10%, respectively. The results
were analyzed using a Gen5 Microplate Reader and Imaging
Software (BioTek Instruments, Winooski, VT, USA).

Statistical Analysis

Data were analyzed statistically using IBM SPSS Statistics ver.
25.0 (IBM Co., Armonk, NY, USA). Descriptive statistics and
the nonparametric Mann-Whitney U-test were used. The cor-
relations between OAB symptom scores and expression levels

of proteins were done by calculating Spearman correlation co-
efficients. Receiver operating characteristic (ROC) curves were
created to evaluate potential relationships between the diagno-
sis of OAB and variables by calculating the area under the curve
(AUC) and to evaluate their contribution to the diagnosis by
calculating sensitivity and specificity values. The combinations
established using stepwise logistic regression analysis were eval-
uated with ROC curves. The P-value for statistical significance
was considered as <0.05.

RESULTS

There was no significant difference between the patients and
controls in terms of mean age, body weight, height, and BMI
(Table 1).

Although the analysis was intended to include 60 patients
and 60 control subjects, some serum samples did not react dur-
ing the analysis; therefore, in the patient and control group a
different number of samples were analyzed for each protein
(Table 2). Nonetheless, the study was continued, as the number

Table 1. Age, height, body weight, and BMI values in patient and control groups

Variable Group Mean +SD Median (range) P-value
Age (yr) Healthy 558+11.8 58.5(27.0-76.0) 0.483
OAB 56.6+15.1 60.0 (23.0-83.0)
Height (m) Healthy 1.59+0.07 1.60 (1.40-1.72) 0.080
OAB 1.57+0.64 1.56 (1.39-1.70)
Body weight (kg) Healthy 72.0£13.0 70.0 (50.0-112.0) 0.525
OAB 739+16.4 72.8 (40.0-125.0)
BMI (kg/m?) Healthy 28.645.05 28.1(19.2-43.8) 0.101
OAB 30.00+6.17 30.3 (17.8-45.9)
BMI, body mass index; SD, standard deviation; OAB, overactive bladder.
Table 2. Comparison of intergroup ADRB3, ROCK?2, and GEF levels
Variable Group Median (range) P-value
ADRB3 (ng/mL) Healthy (n=58) 13.88 (4.36-189.90) 0.996
OAB (n=58) 14.87 (5.72-88.47)
ROCK2 (pg/mL) Healthy (n=56) 119.60 (6.78-1,532.00) 0.003*
OAB (n=58) 225.30 (73.96-1,461.00)
GEF (ng/mL) Healthy (n=54) 7.40 (0.16-79.89) 0.451
OAB (n=53) 6.52 (0.24-35.52)

ADRB3, adrenergic receptor 33; ROCK2, Rho-related kinase 2; GEE guanine nucleotide exchange factor; OAB: Overactive bladder.

*P <0.05, statistically significant difference.
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of serum samples included in the final analysis satisfied the
number of participants indicated by power analysis.

Serum levels of ROCK2 were significantly higher in the OAB
patients (median, 225.25 pg/mL; range, 73.96-1,461.73 pg/mL)
than in the control subjects (median, 119.61 pg/mL; range,
6.78-1,532.16 pg/mL) (P=0.003). OAB subjects also tended to
show higher serum levels of ADRB3 and lower GEF levels than
those in the control group, but neither comparison showed a
statistically significant difference (Table 2). There was no corre-
lation between protein levels and the OAB symptom score ob-
tained from the OAB-V8 questionnaire.
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In the ROC curve (Fig. 1A), serum ROCK2 levels showed a
significant relationship. The sensitivity and specificity of ROCK2
were 84.9% and 58.8% (95% confidence interval [CI], 0.535—
0.767; P=0.008), respectively, with an AUC of 0.651. In the
ROC curves of serum ADRB3 and GEF alone, no significant
results were found. ROC curves were also obtained through
stepwise logistic regression by creating double and triple com-
binations of these 3 parameters. Some combinations showed
stronger relationships with OAB than ROCK2 alone. The
ADRB3 +ROCK?2 combination provided 69% sensitivity and
70.4% specificity (95% CI, 0.602-0.798; P <0.001) with an AUC
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Fig. 1. ROC curves comparing the potential relationships for each (A) and combinations (B) of ROCK2, ADRB3, and GEF in OAB
patients. ROC, receiver operating characteristic; ADRB3, adrenergic receptor $3; ROCK2, Rho-related kinase 2; GEE guanine nucle-

otide exchange factor; OAB, overactive bladder.

Table 3. ROC curve values of ADRB3, ROCK2, GEE and their combinations

Variable AUC (95% CI) P-value Sensitivity % Specificity %
ADRB3 0.543 (0.420-0.667) 0.445 94.3 43.1
ROCK2 0.651 (0.535-0.767) 0.008* 84.9 58.8
GEF 0.451 (0.336-0.566) 0.389 774 37.3
ADRB3+ROCK2c. 0.700 (0.602-0.798) <0.001* 69.0 70.4
ADRB3+GEFc. 0.523 (0.406-0.639) 0.686 98.1 25.0
ROCK2+GEF c. 0.755 (0.661-0.849) <0.001* 69.8 79.2
ADRB3+ROCK2+GEF c. 0.752 (0.652-0.847) <0.001* 64.2 88.2

ROC, receiver operating characteristic; ADRB3, adrenergic receptor 3; ROCK2, Rho-related kinase 2; GEE guanine nucleotide exchange factor;

AUCG, area under the curve; CI, confidence interval; ¢, combination.
*P <0.05, statistically significant difference.
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of 0.70. The potential relationship of the ROCK2 + GEF combi-
nation was higher, with an AUC of 0.755 and sensitivity and
specificity of 69.8% and 79.2% (95% CI, 0.661-0.849; P <0.001),
respectively. The sensitivity and specificity of the ADRB3 +
ROCK2 + GEF combination were 64.2% and 88.2% (95% CI,
0.652-0.847; P <0.001), respectively, with an AUC of 0.752 (Ta-
ble 3). The ROC curves of the serum ADRB3+ GEF combina-
tion showed no significant results. The ROC curve values of all
3 parameters are presented in Table 3, and the ROC curves for
the combinations are shown in Fig. 1B.

DISCUSSION

According to the results, the expression levels of ROCK2, which
exerts effects on the cholinergic pathway, were upregulated sig-
nificantly in OAB patients, while alterations in the levels of
ADRB3 and GEF were non-significant. The relationships of
these 3 markers with OAB had not been examined and report-
ed previously. Previous studies by the current study authors ex-
amined the miRNAs that target and inhibit the function of
genes encoding these 3 proteins, and significant dysregulation
was found in the expression levels of these miRNAs. The diag-
nostic performance of the miRNAs was also seen to be suffi-
ciently high. Therefore, it was concluded that alterations in
miRNA levels, which alter the levels and function of ADRB3,
ROCK?2, and GEF in OAB patients, can be used as powerful
biomarkers to help understand the pathophysiology of this
condition and suggest new treatment options [14]. In another
study, also by the current authors, the relationships of single-
nucleotide polymorphisms in the 3 genes encoding ADRB3,
ROCK?2, and GEF with OAB were examined. Polymorphisms
in these 3 genes were shown in OAB patients, but the relation-
ship with OAB clinical status was not established [15]. The cur-
rent study was another step in investigating the roles of these
proteins in OAB pathophysiology.

Elevated levels of ROCK?2, which functions in the cholinergic
pathway, may result in OAB symptoms as a result of increased
contraction via increased ROCK2 activation in the bladder
smooth muscle. In support of this finding, in our previous
study, the expression of miR-139-5p, which is thought to inhibit
ROCK? synthesis by targeting the gene responsible for ROCK2,
was found to decrease in patients with OAB [14]. In the current
study, ROCK2 was also seen to have a significant potential rela-
tionship in the ROC curves (AUC=0.651). This means that
ROCK?2 is a significant factor for diagnosing OAB patients. The

S12 www.einj.org

dysregulation of ROCK2 alone and in combination with GEF
or ADRB3 has good potential to support the OAB diagnosis.
The ROCK2 + GEF combination had the highest potential rela-
tionship, with an AUC of 0.755, indicating satisfactory predic-
tive power. The ADRB3 +ROCK2 + GEF combination and the
ADRB3+ROCK2 combination also had a substantial ability to
differentiate patients from healthy controls, with AUCs of 0.752
and 0.700, respectively. For the OAB symptom score, which is
the most commonly used method to diagnose OAB, Chuang et
al. [16] and Arribillaga et al. [17] reported AUC values of 0.842
and 0.78, respectively. Therefore, ROC analysis suggested that
ROCK2, especially in combination with GEF or ADRB3, could
act as an auxiliary biomarker for the diagnosis of OAB. Nerve
growth factor [18] and brain-derived neurotrophic factor [19]
have also both been proposed as potentially useful biomarkers
for OAB patients. However, the potential of a relationship be-
tween urinary neurotrophins and the diagnosis of OAB has not
yet been clarified. Therefore, there is still a need to find reliable,
noninvasive biomarkers to understand the pathophysiological
pathways involved in OAB and to evaluate OAB patients more
objectively.

Contrary to expectations, patients showed lower GEF levels
than controls, but the difference was not significant. Similar to
this finding, in our previous study, the expression of miR-92a-
3p, which is thought to inhibit GEF synthesis by targeting the
gene responsible for GEE was elevated in patients with OAB
[14]. This observation supports the finding of lower GEF levels
in OAB patients, and these data suggest that different factors
may affect the regulation of ROCK2 in the detrusor muscle
contraction mechanism in OAB. This can be explained by the
presence of unknown molecular mechanisms, the effects of
which are not clear. More extensive studies on factors in the ad-
renergic and cholinergic systems are needed to explain their ef-
fects in OAB patients. Further studies can clarify the molecular
mechanisms related to these genes in OAB patients.

One of the main limitations of this study is that the analyses
were performed only with blood samples. The results could be
supported by analyses of tissue and urine samples. Intravesical
specimens were also not examined. Although wide variation
between serum levels seems to be a limitation, this is inherent
in protein analytes whose serum levels are measured in such
small units.

In conclusion, ROCK2 and its combination with GEF and
ADRB3 showed a strong potential relationship for discriminat-
ing OAB patients from healthy controls, but there was no cor-
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relation between the levels of these proteins and OAB-V8
symptom scores indicating the clinical severity of the disease.
Therefore, it would not be straightforward to predict the prog-
nosis of patients based on these protein levels. Patients’ post-
treatment protein levels could be measured to better assess this
relationship. Although there were no correlations between the
severity of OAB symptoms and the levels of ROCK2, ADRB3,
and GEE the findings of this study nonetheless suggest that
ROCK?2 alone, and particularly in combination with GEF or
ADRB3, can serve as an auxiliary biomarker for the manage-
ment of OAB in terms of patients’ diagnosis and personalized
treatment options. If ROCK2, ADRB3, and GEF levels can be
analyzed in patients, patients with high ROCK2 and GEF levels
could benefit more effectively from antimuscarinic therapy, and
patients with low ADRB3 levels could benefit more effectively
from beta-adrenergic therapy. Treatment success can be in-
creased by patient-specific treatment. Furthermore, the signifi-
cant elevation of ROCK2 levels in OAB patients may suggest its
use as a treatment target and provide new perspectives for the
development of pharmacological agents.
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