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Abstract
Purpose  To determine expression differences of urine exosomal miR-19b1-5p, 21-5p, 136-3p, 139-5p, 210-3p and concen-
tration differences of urinary BLCA-4, NMP22, APE1/Ref1, CRK, VIM between bladder cancer, follow-up patients, and 
control samples, to evaluate diagnostic importance of these differences and establish a diagnostic panel for bladder cancer.
Methods  Urine samples of 59 bladder cancer patients, 34 healthy controls, and 12 follow-up patients without recurrence 
were enrolled to this study. Real-time PCR and ELISA were performed to determine urine exosomal miR-19b1-5p, 21-5p, 
136-3p, 139-5p, 210-3p expressions and urinary BLCA-4, NMP22, APE1/Ref1, CRK, VIM, creatinine concentrations. 
Logistic regression analyses were performed to determine the diagnostic panel, the sensitivity, and specificity of the panel 
assessed by the ROC curve analysis. p values < 0.05 were considered statistically significant.
Results  In bladder cancer risk groups, mir-139, -136, -19 and 210 expressions or positivity were found to be different and 
concentrations of urinary Ape1/Ref1, BLCA4, CRK, and VIM increased by twofold on average compared to healthy controls. 
Logistic regression and ROC analyses revealed that panel could differentiate bladder cancer patients from healthy controls 
with 80% sensitivity and 88% specificity (AUC = 0.899), low-risk patients from controls with 93% sensitivity and 95.5% 
specificity (AUC = 0.976). Despite the low number of samples, our findings suggest that urine exosomal miR-19b1-5p, 
136-3p, 139-5p expression, and urinary APE1/Ref1, BLCA-4, CRK concentrations are promising candidates in terms of 
bladder cancer diagnosis.
Conclusions  Although our panel has great sensitivity for early detection of BC, it needs to be validated in larger populations.
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Introduction

Bladder cancer (BC) is the ninth most lethal malignancy 
in men [1]. Cystoscopy, with a sensitivity of 90%, is the 
golden standard for the diagnosis of bladder cancer, and 
it is an invasive method that can cause small tumors to be 
overlooked [2]. There are currently six Food and Drug 
Administration (FDA)-approved tests for clinical use, sen-
sitivity of these kits for BC diagnosis ranges from 57–82 
to 74–88% and the sensitivity increases as the stage and 
degree of cancer increases [3]. Although these tests have 
been approved by the FDA for clinical use, they are not 
sufficiently informative for clinical use, since their speci-
ficity and sensitivities are too low [4].

Exosomal miRNAs are strong candidates for diagno-
sis, prognosis, and clinical follow-up for BC since they 
are stable and resistant to various storage conditions and 
could be isolated from a wide range of biological samples 
non-invasively [5].

Urinary miR-136-3p, which targets the Notch3 gene, 
expressed only in urine of BC patients, it was absent in 
healthy controls (HC) [6]. The expression of miR-210-3p 
and miR-96 was increased in urine samples of BC patients 
compared to HC. Combination of HYAL1, lncRNA-
UCA1, miR-210-3p, and miR-96 had 100% sensitivity and 
89% specificity in the diagnosis of BC (AUC = 0.981) [7]. 
miR-21 targets number of genes associated with apoptosis 
and cell cycle such as PTEN and BCL2. It is expressed in 
tumor tissues, white blood cells, urine supernatants, and 
urine exosomes of BC patients and may have a diagnostic 
importance for BC [8, 9]. miR-139-5p/3p is downregulated 
in BC tissues, causing an increased invasion and migration 
[10, 11]. miR-19b1-5p, an oncogenic miRNA that targets 
the PTEN gene, is expressed in the urine supernatant and 
tissue samples of BC patients more than HC [12–14]. miR-
16-5p is thought to be a tumor-suppressor miRNA that 
targets the CCND1 gene [12]. Its expression was found to 
be increased in total urine, urine supernatant, and tissue 
samples of BC patients, compared to controls, but different 
normalization methods were used in studies [9, 15].

Ape1/Ref1 activates many proteins in apoptosis, angi-
ogenesis, and survival pathways, which causes a more 
aggressive phenotype in cancer. Urinary Ape1/Ref1 con-
centration of BC patients was higher than healthy controls 
(HC), and it is correlated with stage and grade of tumor, 
indicating a diagnostic biomarker potential [16]. BLCA4 
is a nuclear matrix protein that specifically targets BC 
tissues, unaffected by the presence of infection, cystitis 
[17]. A proto-oncogene product, Crk, is an adapter pro-
tein that regulates cell adhesion and migration, induces 
EMT and metastasis in BC cells via the HGF/c-Met loop 
[18]. Urinary Crk concentration in BC patients has not 

been studied yet and since it is involved in the molecular 
pathogenesis of BC, it has been included in this study. 
Nuclear matrix proteins are structural components of the 
cell nucleus. NMP22, an FDA-approved diagnostic mole-
cule for BC, is more common in malignant urothelial cells 
than healthy urothelium and is released into the urine as a 
result of apoptosis [19]. Upregulation of vimentin (VIM) 
and fibronectin, the epithelial mesenchymal transition 
markers, are associated with MIBC diagnosis, resistance to 
treatment and poor prognosis [20]. However, urinary VIM 
concentration in BC samples was not evaluated before.

In the present study, our main goal was to establish a 
diagnostic panel for bladder cancer diagnosis. For this pur-
pose, we determined expression differences of urine exoso-
mal miR-19b1-5p, 21-5p, 136-3p, 139-5p, 210-3p and con-
centration differences of urinary BLCA-4, NMP22, APE1/
Ref1, CRK, VIM between bladder cancer patients, follow-up 
patients and control samples. Then, we examined the mol-
ecules that differ between the groups by logistic regression 
analysis.

Materials and methods

Patients and samples

All samples were obtained from the Marmara Univer-
sity Research and Educational Hospital Urology depart-
ment, between 2016 and 2018. All patients were diagnosed 
with cystoscopy and risk stratification was done according 
to European and American Urology Association Guidelines 
(Table S1, S2). Urine samples of 59 BC patients, 34 HC, 
and 12 follow-up patients without recurrence were enrolled 
to this study (Table 1). Due to insufficient urine sample, 
urinary protein concentrations of five BC patients and two 
follow-up patients could not been investigated.

Sample collection and processing

30 mL urine was collected prior to any surgical intervention. 
After centrifugation, upper phase was used for exosomal 
miRNA isolation and urinary protein quantification accord-
ing to manufacturers’ recommendations. (see supplementary 
material for detailed information). Spot urine protein con-
centrations were normalized according to creatinine to rule 
out physiological changes such as dehydration [21].

Statistical analysis

Statistical analysis was performed using SPSS, GraphPad 
and MedCalc programs. All analyses with p < 0.05 were 
considered statistically significant. miRNA expression 
levels and also presence/absence status were analyzed. In 
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RT-PCR experiments, statistical evaluations were made 
with ΔCt values and fold change was expressed using the 
2−∆∆Ct values if significant difference was observed. The 
photometric values obtained as a result of ELISA test were 
evaluated with four-parameter logistic regression analysis. 
Urinary protein concentrations were normalized to creati-
nine to rule out physiological changes such as dehydration 
[21, 22]. Concentration differences between groups were 

analyzed by Kruskal–Wallis test and the Mann–Whitney U 
test was used to compare two groups. Logistic regression 
analysis was performed to determine the diagnostic panel, 
the sensitivity, and specificity of the panel assessed by the 
receiver operation curve (ROC) analysis. The logistic regres-
sion model was analyzed with Hosmer and Lemeshow tests. 
If the result is greater than 0.05, it shows that the fit between 
model and data is sufficient [23].

Results

Properties of sample groups and determination 
of parameters to be included in logistic regression

Sample properties are summarized in Table 1. miRNA 
expressions and urinary protein concentrations were com-
pared between HC, BC, and follow-up patients. In addition, 
in terms of expression and concentration, bladder cancer 
risk groups were analyzed if they differ from each other or 
from healthy controls.

Exosomal miR-16-5p and -21-5p expressions observed 
in all BC patients, HC and follow-up patients. Of the 105 
specimens, 39 had miR-136-3p expression, 100 had miR-
210-3p expression, 65 had miR-139-5p expression, and 55 
had miR-19b1-5p expression (Table 2).

We observed significant differences in the percentages of 
miR-136-3p, miR-210-3p, mir-139-5p, mir19b1-5p express-
ing samples or in the expression levels of samples between 
BC, HC, and follow-up patients or between risk groups and 
controls or between primary tumor, recurrent tumor and HC 
(Table S3–8, Figure S1–6).

A total of 55 BC, 34 HC, and 10 follow-up patients were 
examined by ELISA. It was determined that urinary Ape1/
Ref1, BLCA4, Crk, and VIM concentrations between groups 
differ significantly and there was no significant difference 
in urinary NMP22 concentrations between samples. The 

Table 1   Age distribution of patients that are used for exosomal 
miRNA quantification and urinary protein quantification

Sample n Age

Mean Minimum Maximum

Age distribution of patients that are used for exosomal miRNA 
quantification

 Healthy control 34 53.41 25 87
 Bladder cancer
  Low risk (LR) 16 65.87 37 87
  İntermediate risk (IR) 3 68 58 87
  High risk (HR) 24 67.83 43 85
  MIBC 13 64.61 49 79
  Metastatic disease 3 56.67 51 65

  Follow-up 12 70.72 57 80
  Total 105

Age distribution of patients that are used for urinary protein quan-
tification

 Healthy control 34 53.41 25 87
 Bladder cancer
  Low risk 15 65.73 37 87
  İntermediate risk 3 68 58 87
  High risk 22 67.09 43 85
  MIBC 12 65.92 54 79
  Metastatic disease 3 56.67 51 65

   Follow-up 12 70.7 57 80
   Total 101

Table 2   miRNA expression 
status of samples

n number of patients in each cell

Sample miRNA

136–3p 210–3p 21–5p 139–5p 19b1–5p 16–5p

n n n n n n

(+) (−) (+) (−) (+) (−) (+) (−) (+) (−) (+) (−)

Healthy control 8 26 33 1 34 0 17 17 18 16 34 0
Bladder cancer 26 33 55 4 59 0 41 18 33 26 59 0
Low-İntermediate Risk (LIR) 6 13 17 2 19 0 14 5 11 8 19 0
High risk 10 14 22 2 24 0 14 10 11 13 24 0
MICB and metastatic 10 6 16 0 16 0 13 3 11 5 16 0
Follow-up 5 7 12 0 12 0 7 5 4 8 12 0
Total 39 66 100 5 105 0 65 40 55 50 105 0
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diagnostic power of urinary protein concentrations for BC, 
investigated by ROC analyses (Figure S7–10).

Diagnostic and prognostic biomarker panel 
for bladder cancer

Logistic regression analysis of urine exosomal miRNA expres-
sion/presence and urinary protein concentrations was per-
formed for miRNAs/proteins that were significantly different 
between the groups. The logistic regression model was exam-
ined with Hosmer and Lemeshow test (p = 0.9879), the result 
was greater than 0.05, indicating that the fit between model 
and data was adequate [23]. All variables included in logis-
tic regression analysis contributed significantly to the panel 
(p < 0.05). The coefficient, standard error, odds ratio and p 
values are summarized in the table S9. The resulting logistic 
regression model is formulated below:

ROC curve analysis of logistic regression results 
showed that the panel obtained had AUC = 0.899 (95% 
confidence interval (CI) 0.822–0.950) for discriminating 
BC patients from non-cancerous ones. The sensitivity and 
specificity of the panel for the threshold value > 0.571 
were 80.0% and 86.4%, respectively. The ROC curve and 
dot diagram for the cut off value of 0.571 are shown in 

log it(p = BC) = − 3.34801

− (miR - 139 − 5p presence ∗ 1.46195)

+ (miR - 136 − 3p presence ∗ 1.29903)

+ (miR - 19b1 − 5p presence ∗ 1.47543)

+ (ApeRef1 ∗ 0.57465)

+ (BLCA4 ∗ 0.10806) − (CRK ∗ 0.71249)

Fig. 1   a ROC analysis of logistic regression model for bladder cancer 
patients and non-cancerous samples. b Dot diagram of the panel for 
bladder cancer patients and non-cancerous samples. c ROC analysis 

of logistic regression model for bladder cancer patients and healthy 
controls. d Dot diagram of the panel for bladder cancer patients and 
healthy controls
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the Fig. 1a, b. When follow-up patients excluded, panel 
discriminated BC patients from HC with 80% sensitivity 
and 88.2 specificity (Fig. 1c, d).

Logistic regression model analyzed to distinguish LR 
patients from HC. ROC revealed that AUC = 0.976 (95% 
confidence interval (CI) 0.866–0.999), 93.33 sensitiv-
ity, and 97.06% specifity for threshold value of 0.63383 
(Fig. 2a, b). If threshold value is adjusted to 0.571 (the 
main cut-off value of the panel), sensitivity and specificity 
of the panel shifts to 93.3% and 88.2%, respectively.

Panel could discriminate LR BC patients from non-can-
cerous samples (HC and follow-up patients), indicating that 
panel is not affected by residual effects of BC in follow-up 
patients (Fig. 3a, b). (AUC = 0.976, sensitivity = 93.3% and 
specificity = 95.5%; cut-off = 0.6976).

Discussion

Urinary biomarkers are of great importance for the diagnosis 
and follow-up of BC [3, 5, 9, 24, 25]. We used urine exoso-
mal miRNAs, since miRNAs in urinary exosomes are more 
conserved than physiological conditions, and exosomes are 
not random cellular vesicles, they are both affected by vari-
ous cellular events and directing various cellular processes 
such as intercellular communication [5, 22, 24, 26, 27].

In a single study that examined urinary miR-136-3p 
expression, Weber et  al. found that miR-136-3p was 
expressed in only BC not in HC, but our study refuted this 
finding [6]. 44% of BC samples, 23% of HC and 42% of 
follow-up patients expressed miR-136-3p. In 8 of 34 HC, 
miR-136-3p expression was detected. According to logistic 

Fig. 2   ROC analysis of the panel for low-risk patients and controls. a ROC. b Dot diagram of the panel

Fig. 3   ROC analysis of the panel for low-risk patients and non-cancerous samples. a ROC. b Dot diagram of the panel
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regression analysis, miR-136-3p contributed significantly 
to the diagnostic panel with an odds ratio of 3.6657 
(p = 0.0363). (Table 2, S3, S4, S5, S6, Figure S1).

Several studies have reported that miR-139-5p is down-
regulated in BC tissues [10, 11]. Furthermore, the MMP11, 
a direct target of miR-139-5p, associated with shorter overall 
survival [11]. We found that, miR-139-5p expression in the 
group of metastatic patients was lower than the other patient 
groups followed by HC. Interestingly, the follow-up patients 
had the highest expression. The expression of miR-139-5p 
increased more than twofold in the low-intermediate and HR 
groups compared to the muscle-invasive metastatic group, 
miR-139-5p presence contributed significantly to diagnostic 
panel (p = 0.0389). (Figure S3, S4, Table S8).

It was found that miR-19b1-5p, an oncogenic miRNA 
that targets PTEN gene [12], expression levels in urine 
supernatants [14] and tissue samples of BC patients were 
higher compared to controls [13]. In the muscle-invasive 
metastatic patient group, the expression of miR-19b1-5p 
was lower than the LIR group and the HR group (p = 0.05 
and p = 0.013, respectively). When evaluated according 
to sub-risk groups, we determined that muscle-invasive 
group had lower expression than HC, LR, and HR group 
patients. (p = 0.013; p = 0.016 and p = 0.002, respectively). 
miR-19b1-5p expression of HC was about 4.3-folds of inva-
sive patients and the expression of NMIBC samples was 
14.8-folds of invasive BC samples. miR-19b1-5p contrib-
uted significantly to the panel with an odds ratio of 4.3690 
(p = 0.0366), ROC analysis revealed that AUC shifts from 
0.890 to 0.871 when miR-19b1-5p excluded from the panel 
(Figure S5, S6).

miR-16-5p, miR-21 expressions did not differ between 
sample groups. Therefore, we did not incorporate to logistic 
regression.

It has been reported that miR-210-3p expression is 
increased in urine of BC patients compared to HC and even 
superior to urine cytology in diagnosis [28]. However, miR-
210-3p has not been previously studied in urinary exosomes 
of BC patients. We found that bladder cancer patients and 
high-risk bladder cancer patients had 3.6-fold expression 
of healthy controls (p = 0.049 and 0.035, respectively).
(Table S7, Figure S2). However, miR-210-3p expression or 
presence did not contribute significantly to logistic regres-
sion analysis.

Urinary Ape1/Ref1 concentrations in the BC samples 
were about two times higher than the HC and follow-up 
samples (p < 0.00001 and p = 0.00148). It was previously 
confirmed that Ape1/Ref1 increased in urine samples of 
BC patients compared with controls [16]. However, no 
information was provided regarding the normalization of 
urinary protein concentrations in this study. According to 
our findings, Ape1/Ref1 for creatinine normalized threshold 
expression value of 6.27, sensitivity and specificity of 78.2% 

and 84%, while AUC = 0.820 and p < 0.0001 (Figure S7). In 
addition, when the LR patient group and HC were compared, 
AUC = 0.924 for the expression value of 7.35, sensitivity 
was 93.33% and specificity was 91.18% (p < 0.0001) (figure 
S9, 10). Ape1/Ref1 concentration significantly contributed 
to diagnostic panel with an odds ratio of 1.7765 (p = 0.0084).

The cumulative diagnostic value of BLCA-4 was deter-
mined by compiling various studies (93% sensitivity, 97% 
specificity AUC = 0.9607) [29]. Our findings are also in 
the same direction, we found that BLCA-4 concentra-
tion in urine samples of BC patients was approximately 
twofold HC and follow-up patients (p < 0.000009 and 
p = 0.002). ROC analysis revealed that AUC = 0.794 for 
BC and AUC = 0.925 for low-grade BC and significantly 
contributed to the logistic regression model with an odds 
ratio of 1.1141 (p = 0.0184).

There are no studies in the literature examining CRK 
expression in BC. However, CRK has been shown to induce 
EMT and metastasis through the HGF/c-Met pathway in 
BC cells [18]. We aimed to examine whether a protein that 
takes place in EMT and metastasis is present in urine, and 
if so, how important it is from the diagnostic point of view. 
CRK concentration was significantly increased in BC sam-
ples compared to HC and follow-up patients (p = 0.002 and 
p = 0.043). In the logistic regression analysis, the contribu-
tion to the model was found to be significant with an odds 
ratio of 0.4904 (p = 0.0043).

Upregulation of VIM and fibronectin in MIBC has been 
associated with resistance to treatment and poor prognosis 
[20]. VIM concentration of BC patients was almost twofold 
of HC and follow-up patients; urinary VIM concentration 
is a very strong marker for the diagnosis of BC in the early 
stage (AUC = 0.941), but it is not strong enough for dis-
criminating BC from HC (AUC = 775) or contributing to 
the logistic regression model (p > 0.05).

Urinary NMP22 is studied extensively in BC samples and 
FDA-approved 2 tests have been developed for BC diagno-
sis, but the results in the literature are quite contradictory, 
the sensitivity of urinary NMP22 tests ranges between 56 
and 81% [19, 30]. Although we examined NMP22 with the 
idea that it might increase the power of the study, we found 
no significant difference in urinary NMP22 concentrations 
between sample groups.

In this study, urinary protein and exosomal miRNAs with 
the most significant differences in the diagnosis of BC were 
examined by logistic regression analysis. Logistic regres-
sion model was able to diagnose BC with 80% sensitivity 
and 88% specificity (AUC = 0.903). The same model was 
differentiated the LR patients from HC with 93% sensitivity, 
97% specificity (AUC = 0.976). In LR early-stage patients, 
the panel is more sensitive, suggesting that changes in 
expression and concentration of molecules in the panel are 
early events in BC. Further culture studies clarify this idea. 
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Nonetheless, our panel can prevent unnecessary cystosco-
pies, increase the patient comfort and reduce the economic 
burden of LR patients.

Using the same markers, it is highly advantageous in 
terms of labor, time and cost to distinguish both LR patients 
and BC from HC. Moreover, the inclusion of miRNAs in 
the model, not in terms of expression level, but in terms of 
the presence or absence of expression, will minimize the 
individual errors, since it will remove the normalization and 
quantitation steps of the experiments. The sensitivity and 
specificity of the panel developed were superior to urine 
cytology ranging from 30% and 86% to 83% and 43% in 
various studies, respectively.

The sensitivity and specificity of the panel we obtained 
is superior to urine cytology; using the same molecules to 
differentiate BC from HC and to differentiate LR BC from 
HC; Although it is more sensitive and specific than FDA-
approved urine biomarkers, it should be analyzed in larger 
cohorts. Nevertheless, urine exosomal miR-19b1-5p, 136-
3p, 139-5p expression and urinary APE1/Ref1, BLCA-4, 
CRK concentrations are promising candidates in terms of 
bladder cancer diagnosis.
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