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Purpose: To compare urinary levels of monocyte chemoattractant protein-1 (MCP-1), an inflammatory cytokine, in healthy
controls and overactive bladder (OAB) patients, to correlate changes in urinary MCP-1 with OAB treatment response and
symptom severity, and to study the diagnostic potential of MCP-1 for OAB, as well as the efficacy of MCP-1 as a potential bio-
marker for different phenotypes of OAB.

Methods: We used enzyme-linked immunosorbent assay to measure normalized urinary MCP-1 levels in 56 individuals (43
OAB patients and 13 controls). We assessed the OAB patients at 3 visits with 2 validated symptom severity questionnaires
(OAB-V8 and Patient Perception of Bladder Condition).

Results: The mean pretreatment urinary MCP-1 level at visit 1 (229.2-pg/mg creatinine) was significantly greater than the
MCP-1 levels at visit 3 in both the treatment (107.0-pg/mg creatinine) (P <0.001) and control (52.35-pg/mg creatinine) groups
(P<0.001). Average OAB symptom severity decreased significantly from visit 1 (baseline) to visits 2 (4 weeks) and 3 (12-14
weeks) and was significantly correlated with urinary MCP-1 levels. Urinary MCP-1 levels dropped significantly (P =0.002)
posttreatment in patients whose symptom severity improved by >30%, whereas nonresponders displayed no significant
MCP-1 decrease (P=0.164). The receiver operating characteristic analysis of the OAB visit 1 and control groups produced an
area under the curve of 0.891. We found no significant differences in sex, race, or age between the OAB and control groups.
Conclusions: MCP-1 levels differed significantly between the control and OAB groups and were closely correlated with symp-
tom severity and treatment response. The good diagnostic accuracy of MCP-1 for OAB suggests the potential usage of MCP-1
for OAB diagnosis. The varying response of urinary MCP-1 levels to treatment may indicate at least 2 potential phenotypes of
OAB. MCP-1, in combination with other biomarkers and symptom severity questionnaires, could potentially aid in develop-
ing a patient-centered OAB treatment approach.
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e HIGHLIGHTS

- Urinary MCP-1 levels correlated to overactive bladder symptoms and showed decreased levels after treatment.

- Data suggest different OAB phenotypes.

- Receiver operating characteristic indicate the usefulness of urinary MCP-1 as a marker; alone or in combination with other markers, for pa-

tients with OAB.

INTRODUCTION

Overactive bladder (OAB), as defined by International Conti-
nence Society (ICS) guidelines, is a not a disease, but rather a
complex syndrome characterized by chronic urinary urgency,
with or without urge incontinence, usually in combination with
frequency and nocturia [1]. Although the precise molecular
etiology of OAB largely remains unclear, numerous studies
have recognized the association of OAB with inflammation,
and therefore increased afferent nerve activity within the lower
urinary tract. A§ and C neural fibers of OAB patients become
sensitized and respond abnormally to chemical, thermal, and
stretch stimuli, causing urinary urgency and frequency. Addi-
tionally, levels of serum C-reactive protein, nerve growth factor,
and brain-derived neurotrophic factor are higher in OAB pa-
tients than in control subjects [2-6]. The most recent studies of
urinary chemokines in OAB patients have shown monocyte
chemotactic protein-1 (MCP-1) to be the most elevated of all
compared to controls, suggesting that the extent of chronic
OAB-related inflammation may be evaluated by biomarker
analyses. The cytokine MCP-1 was chosen in particular for this
study because studies examining numerous cytokines found
MCP-1 to be not only the most elevated, but also the most spe-
cific to OAB. Urinary MCP-1 levels were even more elevated in
OAB patients than in urinary tract infection patients [7,8].
Chemokines are peptides secreted in response to signals such
as proinflammatory cytokines. Their primary function is to
regulate cell trafficking. Chemokines can be classified into 4
subfamilies: CXC, CC, CX;C, and C. MCP-1/CCL2, a member
of the CC chemokine family, is encoded on chromosome 17
and is a potent chemotactic factor for monocytes, which are
known to drive inflammatory diseases [9,10]. A wide variety of
cells, including endothelial cells, mast cells, and smooth muscle
cells, secrete MCP-1 either routinely or after activation by other
cytokines [11-13]. In humans, elevated MCP-1 levels have been
observed in various inflammatory and autoimmune diseases
such as inflammatory bowel disease, multiple sclerosis, diabe-
tes, rheumatoid arthritis, and allergic asthma [14]. Similarly; el-
evated MCP-1 levels have also been reported in patients with
OAB, chronic pelvic pain syndrome, and bladder outlet ob-
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struction [7,15,16]. These findings collectively suggest that ab-
normal overexpression of MCP-1 contributes to chronic in-
flammatory conditions in the bladder, such as OAB and void-
ing dysfunction. Research into urinary biomarkers may help
classify OAB patients into different phenotypes and assist in
understanding the pathophysiological processes that lead to the
development of these phenotypes, potentially suggesting target-
ed therapies based on biomarker levels.

In this follow-up of our original pilot study [17], we used the
Quantikine human MCP-1 enzyme-linked immunosorbent as-
say (ELISA), a validated MCP-1 assay modality for multiple hu-
man matrices, to analyze urinary MCP-1 levels in OAB patients
before and after treatment as well as in healthy controls. Our
objectives were to confirm the elevation of urinary MCP-1 lev-
els in pretreatment OAB patients in comparison to posttreat-
ment OAB patients and controls, to correlate MCP-1 levels with
OAB symptom severity, and to evaluate urinary MCP-1 with
respect to the treatment modality and response to treatment.
We explored MCP-1 as a potential biomarker for OAB diagno-
sis in a clinical environment.

MATERIALS AND METHODS

After obtaining Institutional Review Board approval, both male
and female OAB patients (n=43) recruited from a urology spe-
cialty clinic and control volunteers (n=13) were enrolled be-
tween October 2014 and June 2018. The OAB diagnosis was
made based on the clinical ICS definition of OAB, which em-
phasizes urgency and frequency independently of incontinence
[1]. Written consent was obtained from all participants. All pa-
tients reporting OAB symptoms underwent a physical exami-
nation and urinalysis.

Patients with other potential causes of OAB symptoms or el-
evated MCP-1 such as neurogenic bladder, stress urinary in-
continence, bladder outlet obstruction, urinary stones, lower
genitourinary tract tumors, urinary tract infections, treatable
genitourinary conditions, hematuria, postvoid residual volume
of >150 mL, vaginitis, bladder pain syndrome, and renal pa-
thology were excluded from the study. Subjects diagnosed with
OAB before enrollment were required to discontinue OAB
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medications or neuromodulation for at least 2 weeks before
their first visit, following the typical pharmaceutical protocol
for treatment washout before a clinical study. The different
treatments administered to the OAB patients included sacral
neuromodulation as well as anticholinergics, a beta-3 agonist
(mirabegron), and percutaneous tibial nerve stimulation. All
OAB patients were partitioned into their respective treatment
groups based on American Urological Association (AUA)/So-
ciety of Urodynamics, Female Pelvic Medicine & Urogenital
Reconstruction (SUFU) treatment guidelines [18]. Controls
who had no significant urinary pain (AUA symptom index
<7), no previous diagnosis of OAB, no lower urinary tract
symptoms, and no evidence of infection based on negative ni-
trite dipstick tests were included. While the urine of the control
cohort was tested for MCP-1 once, the OAB patients were seen
3 times, at visit 1 (pretreatment baseline), visit 2 (4 weeks after
baseline), and visit 3 (12-14 weeks after baseline). For the OAB
patients, MCP-1 concentrations were analyzed on visits 1 and 3.
This study was longitudinal only for the OAB group, as the
1-time control MCP-1 measurement was compared to the OAB
group data at both visits 1 and 3. OAB symptom severity was
assessed at all 3 visits with 2 validated questionnaires: the Pa-
tient Perception of Bladder Condition (PPBC) questionnaire
and the Overactive Bladder (OAB-V8) questionnaire. In both
questionnaires, a lower value is indicative of less severe symp-
toms. Changes in patients” scores on the PPBC and OAB-V8
questionnaires from visit 1 to visit 3 were combined with equal
weight into a single average posttreatment percent change to
differentiate the OAB treatment patients into responders and
nonresponders. OAB responders displayed a decrease in this
composite symptom severity score by more than 30% from visit
1 to visit 3, while those whose symptoms failed to improve by
more than 30% were considered OAB nonresponders. The 30%
cutoft was a clinical decision, which assumes that a score of 2
out of 7 on a psychometric Likert scale implies meaningful im-
provement.

After urine collection (midstream, approximately 50 mL) from
either a control or OAB patient, the sample was centrifuged at
3,000 x g at 4°C for 10 minutes within an hour of collection. Of
the resulting supernatant, a 1.5-mL aliquot for MCP-1 testing,
as well as a 3.0-mL aliquot for creatinine (Cr) testing were
stored at -80°C until analysis. Urinary MCP-1 levels were mea-
sured using the Quantikine human CCL2/MCP-1 ELISA kit
(R&D Systems, Cat. #DCP00, Minneapolis, MN, USA). This is
a 3.5- to 4.5-hour solid-phase ELISA test that has been shown
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to produce accurate MCP-1 concentration results in multiple
human sample types. All experimental protocols were per-
formed precisely following the manufacturer’s instructions. The
average of 2 optical density values for the ELISA-treated urine
samples were entered into a 4-parameter calibration curve
equation created by performing the experimental protocol on
solutions with standard MCP-1 concentrations. The final MCP-
1 value, as dictated by the calibration curve, was further nor-
malized for metabolic and urine hydration differences via Cr
concentrations. None of the subjects had acute renal pathology
or urinary tract infections, so Cr could be safely used as a repre-
sentative of metabolic activity; Cr is often used as a normaliza-
tion variable in urinary biomarker studies [7]. Therefore, the fi-
nal unit of MCP-1 was expressed as picograms (pg) of MCP-1/
mg of Cr.

Statistical differences in cohort demographics and mean uri-
nary MCP-1 levels in controls and OAB patients at visit 1 (pre-
treatment) and visit 3 (12- to 14-week posttreatment) were
compared using the paired or unpaired 2-tailed t-test for nu-
merical data and the Fisher exact test for categorical data. The
paired t-test was always used when the same subject group was
compared at visits 1 and 3, whereas the standard t-test was al-
ways used when different subject groups were involved. Pear-
son correlation coeflicients and analysis of variance (ANOVA)
regression were used to determine the significance of correla-
tions and regression for the relationship between visit 1 MCP-1
levels and symptom severity scores. Receiver operating charac-
teristic (ROC) analysis was performed for the visit 1 baseline
OAB patients and control groups to determine the effectiveness
of MCP-1 in identifying the presence of OAB. Mean values
were calculated and the graph error bars utilized the mean +
standard error of the mean (SEM). The ROC curve was created
using IBM SPSS Statistics ver. 25.0 (IBM Co., Armonk, NY,
USA) while all other statistical analyses were performed using
Microsoft Excel 2019 (Microsoft Corp., Redmond, WA, USA).
P-values <0.05 were considered to indicate statistical signifi-

cance.

RESULTS

In total, 43 patients with OAB and 13 controls were enrolled in
the study. No significant demographic differences were ob-
served between the OAB patients and controls in sex, race, or
age (Table 1). The mean urinary MCP-1 levels at visit 1 (P=
0.593) or visit 3 (P=0.219) did not differ significantly between
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Table 1. Demographic information

Demographic OAB (n=43) Control (n=13) P-value
Sex 0.730
Male 11 (25.6) 4(30.8)
Female 32(74.4) 9(69.2)
Race 0.161
White 33(76.7) 7(53.8)
Other 10 (23.3) 6(46.2)
Age (yr) 62.7+2.53 54.6+3.62 0.078

Values are presented as number (%) or mean +standard error of the
mean.

P-values for sex and race were computed with the Fisher exact test,
whereas the unpaired ¢-test was used for age.
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Fig. 1. Monocyte chemoattractant protein-1 (MCP-1) concen-
tration differences for the combined overactive bladder (OAB)
treatment, control, responder, nonresponder, medication, and
neuromodulation groups for visits 1 and 3. Responders/nonre-
sponders and medications/neuromodulation are different ways
of dividing the combined OAB patient cohort, which includes
all subjects besides controls. Combined treatment, all patients
received treatment for OAB.

men and women in the OAB patient cohort. The OAB treat-
ments consisted of medications (primarily anticholinergics and
a beta-3 agonist) for 72.1% (31 of 43) of the OAB group, and
neuromodulation for 27.9% (12 of 43) of the OAB group.

The average urinary MCP-1 level of the OAB patients at visit 1
(229.2+43.4 pg/mg Cr) was significantly higher than both that
of the OAB patients at visit 3 (107.0+21.4 pg/mg Cr) (P <0.001)
and the control group (52.4+13.1 pg/mg) (P <0.001). The MCP-
1 level of the OAB group at visit 3 was also significantly higher
than that of the control group (P=0.034). The OAB responders
(n=31), as assessed by the symptom severity algorithm dis-
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Fig. 2. Urinary monocyte chemoattractant protein-1 (MCP-1)
levels at visits 1 and 3. The diagonal reference line represents
identical MCP-1 levels at visits 1 and 3. The 3 crosses represent
distant outliers outside of the scatterplot’s range; all 3 fell below
the extended line nonetheless.

cussed earlier, demonstrated a significant decrease in MCP-1
levels from visit 1 to visit 3 (P =0.002), whereas the OAB nonre-
sponders (n=12) did not demonstrate a significant MCP-1 de-
crease from visit 1 to visit 3 (P=0.164). The MCP-1 levels of the
patients who received medication (n=31) (P=0.006) and neu-
romodulation (n=12) (P=0.012) both decreased significantly
from visit 1 to visit 3, but this trend was much less pronounced
in the neuromodulation group (Fig. 1). Comparisons of visit 1
to visit 1 MCP-1 levels (P=0.101) and visit 3 to visit 3 MCP-1
levels (P=0.637) between responders and nonresponders, as
well as for patients receiving medication and neuromodulation
(P=0.619 for visit 1 to visit 1 and P=0.765 for visit 3 to visit 3)
yielded no significant P-values, implying similar initial and final
MCP-1 concentrations between all subdivisions of the total data
set.

A comparison of visits 1 and 3 MCP-1 levels against a diago-
nal line that depicted equivalent MCP-1 levels after treatment
produced results that were almost always below the line, indi-
cating that MCP-1 levels predominantly decreased after treat-
ment (Fig. 2).

Additionally, the paired t-test yielded P-values <0.001 for all
6 possible comparisons of visit 1 to visit 2, visit 2 to visit 3, and
visit 1 to visit 3 symptom severity for both the PPBC and OAB-
V8 questionnaires, demonstrating steady decreases in symptom
severity as the treatment process progressed. Significant ANO-
VA regression P-values and moderately strong positive correla-
tions were observed between symptom severity and visit 1
MCP-1 levels for both PPBC (P =0.005, r=0.426) and OAB-V8
(P=0.004, r=0.436) (Fig. 3).
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Fig. 3. Relationship between visit 1 monocyte chemoattractant protein-1 (MCP-1) levels and symptom severity questionnaire scores
using linear regression, Pearson correlation coefficients, and analysis of variance regression P-values.
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Fig. 4. Receiver operating characteristic (ROC) sensitivity anal-
ysis of overactive bladder visit 1 versus control. Area under the
curve=0.891, P<0.001.

ROC analysis was performed to measure the diagnostic ac-
curacy of MCP-1 for OAB. (Fig. 4). In conjunction with the
area under the curve (AUC), ROC analysis was used to analyze
the ability of MCP-1 to differentiate between the pretreatment
OARB patient and control groups.

DISCUSSION

Extensive research in the medical literature indicates that affer-
ent neuron overactivation triggered by bladder inflammation
plays a critical role in the pathogenesis of OAB [19,20]. Our
study provides strong support for this concept. After 12-14
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weeks of treatment at visit 3, OAB patients displayed a signifi-
cant decrease in mean MCP-1 concentrations when compared
to their baseline at visit 1 (Fig. 1). In the vast majority of the
OAB patients, MCP-1 decreased from visit 1 to visit 3 (Fig. 2).
Decreases in urinary MCP-1 levels, the inflammatory response,
and neural sensitization are all logically associated with success-
ful OAB treatment. Additionally, the average patient symptom
severity score decreased significantly from visit 1 to visit 2 to
visit 3 for both questionnaires. This result confirms the benefi-
cial effects of OAB treatment for ameliorating patients’ symp-
toms and aligns with the findings of significant correlations be-
tween urinary MCP-1 levels and symptom severity for both
questionnaires (Fig. 3). Patients with more severe symptoms
generally had higher MCP-1 levels, thus suggesting the poten-
tial clinical application of using urinary MCP-1 in conjunction
with extensive symptom severity assessments to monitor treat-
ment progress. As the pathway between inflammation, neural
sensitization, and OAB symptoms is not entirely understood, it
is of considerable importance that an association between the
biomarker MCP-1 and OAB symptoms has been established
[21]. Because neural sensitization is associated with bladder in-
flammation, it is possible that since OAB treatments ameliorate
improper neural firing, they also decrease inflammation and
MCP-1 levels. Further research is necessary to identify the mo-
lecular connections between MCP-1, neural sensitization, and a
host of OAB-related mRNAs and miRNAs [22,23] that are inte-
gral to the pathogenesis of OAB.

Our data shows that the posttreatment decrease in MCP-1
levels in the symptom responder, medication, and neuromodu-
lation treatment subgroups was significant. In contrast, the
symptom nonresponder subgroup did not display a significant
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MCP-1 decrease. The different results between responders and
nonresponders add another dimension to the relationship be-
tween symptom severity and MCP-1, suggesting that MCP-1
predictably reflects symptom severity not only on the level of a
whole sample, but also within particular symptom improve-
ment substrata. MCP-1 could be used as a potential biomarker
to evaluate disease progression, as well as response to treatment
for OAB. Even though the P-values for both the medication and
neuromodulation groups were significant, the neuromodula-
tion group displayed a trend towards a milder posttreatment
decrease in inflammation.

After the clinical OAB diagnosis, MCP-1 and other inflam-
matory analyses could be used to determine the presence of 1
of 2 potential OAB phenotypes: severe inflammatory OAB,
which is associated with high inflammation, intense urgency,
urge incontinence, and high MCP-1 levels, or mild inflamma-
tory OAB, which is associated with low inflammation, milder
symptoms, and lower MCP-1. The lesser degree to which neu-
romodulation reduces urinary MCP-1 suggests that medica-
tions may be a more effective treatment option for the inflam-
matory OAB phenotype, while neuromodulation may be a
more suitable for noninflammatory OAB. Currently, there is no
targeted therapy available based on the specific pathogenesis,
and OAB diagnosis is based strictly on the symptoms present.
However, it will undoubtedly be a promising area for future re-
search to analyze the response of biomarkers to specific thera-
pies and to optimize therapy for these possible OAB inflamma-
tory phenotypes.

The visit 3 MCP-1 level for the OAB group was still signifi-
cantly higher than in the control group, which means that 12—
14 weeks of treatment is probably not sufficient to normalize
the bladder inflammation associated with OAB completely.
These findings highlight the significance of longitudinal OAB
studies using urinary biomarkers and validated symptom ques-
tionnaires. A cross-sectional study would only reveal general
trends in separate cohorts, not the specific response to treat-
ment over time in any particular patient. Most prior studies of
OAB urinary biomarkers had a small sample size and were
cross-sectional. They also failed to account clinical confounders
such as race, sex, age, and varying urine hydration levels, and
they used equipment designed for the simultaneous processing
of multiple cytokines [24]. These factors could explain the find-
ing that MCP-1 levels in OAB patients were found to be over 10
times that of controls [7]. We believe that our results help to
narrow down this ratio to just above 4 times that value. This
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study, which was longitudinal for the OAB cohort and cross-
sectional for controls, found no significant demographic differ-
ences between the OAB and control groups and normalized for
urine hydration using Cr levels. It also used a credible solid-
phase ELISA immunoassay modality geared strictly towards
MCP-1. When seen in conjunction with results that have statis-
tical significance concerning MCP-1 and symptom severity,
these strengths provide substantial grounds to expect reproduc-
ibility, an area in which biomarker studies often struggle. Al-
though in general MCP-1 cannot be used to assess the severity
of diseases quantitatively, we found it to be closely linked to
OAB and its clinical course.

With an AUC indicating that MCP-1 may have a promising
diagnostic ability for OAB, the ROC analysis suggests the poten-
tial use of MCP-1 immunoassays as a clinical tool to aid in the
diagnosis of OAB and as a gauge for the effectiveness of a given
treatment plan. The analysis of MCP-1 also brings to light op-
portunities for determining the severity of bladder inflamma-
tion present within an OAB patient and the identification of in-
dividuals with high MCP-1 levels in susceptible populations be-
fore the development of severe OAB-related symptoms. Prompt
detection will allow the amelioration of OAB development by
administering treatment earlier in the inflammatory develop-
ment process. Conceivably, urinary MCP-1 levels and extensive
OAB questionnaires, alone or in combination with adenosine
triphosphate and interleukin-5 testing [25] can lead to novel
noninvasive diagnostic tests for different OAB inflammatory
phenotypes and may promote a more personalized manage-
ment approach.

Nonetheless, the patient cohorts in the present study were
still too small to establish definitive MCP-1 diagnostic guide-
lines for OAB. The control, non-white, male, and neuromodu-
lation subgroups were rather small and deserve more attention
in future biomarker studies. Although the age difference be-
tween the OAB and control groups was insignificant (P =
0.078), the fact that the control patients were on average 8 years
younger is worth noting because the frequency of chronic in-
flammatory diseases increases with age. This study did not in-
clude a voiding diary, although OAB is diagnosed mainly by
urgency, which is better represented by symptom severity ques-
tionnaires such as OAB-V8 and PPBC than a voiding diary. As
of date, no MCP-1 urinalysis modality has been perfected in
conformance with clinical standards. Despite these limitations,
this study establishes the efficacy of urinary cytokine investiga-
tions for clinical usage, as well as for a greater understanding of
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the pathogenesis of OAB.

In this analysis of urinary MCP-1 levels in OAB patients,
MCP-1 levels not only were higher in OAB patients, but also
corresponded accurately to symptom severity scores and symp-
tom responder/nonresponder classifications. Because of the
complex mechanisms by which biomarkers operate, the vari-
ability between assay kits, and high or low endogenous bio-
marker levels, it may prove to be challenging to establish a sin-
gle decisive urinary biomarker for OAB. Overall, our findings
showed an excellent correlation of urinary MCP-1 levels with
OAB symptoms and treatment response. These results suggest
that MCP-1 may be a potential biomarker, alone or in multiplex
with others, to aid in making a clinical diagnosis of OAB, moni-
toring disease progression, and evaluating the response to treat-
ment in OAB patients.
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