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Abstract

Background: Urothelial carcinoma is a common urological cancer in patients with chronic kidney disease in Taiwan.
However, urinary cystoscopy is an invasive procedure and urine cytology showed low sensitivity for low-grade tumor. High
accuracy with noninvasive diagnostic tools for UC is needed for patients with CKD.

Methods: A total of 272 urine and 138 plasma samples to detect the miRNA expression levels for establishing UC
signatures from patients with CKD. 17 candidate miRNAs of urine and plasma were selected by the PCR array, and a
single gRT-PCR assay was used to confirm the results. The website of a smRNA-seq analysis of the clinical specimens
was compared to survival status. The miRNA prediction models were produced for predicting UC by multiple logistic
regression.

Results: Urinary miR-1274a and miR-30a-5p expression levels were significantly lower but miR-19a-5p expression levels
were higher in UC when compared with CKD. In plasma samples, miR-155-5p, miR-19b-1-5p, miR-378 and miR-636 showed
significantly lower expression in UC compared to those with CKD. The Kaplan-Meier curve showed that lower expression
of miR-19a, miR-19b, miR-636 and miR-378, and higher expression of miR-708-5p were associated with poor prognosis in
patients with bladder cancer. In addition, we produced classifiers for predicting UC by multiple logistic regression. The
urine signature was developed with four miRNAs, and the AUC was 0.8211. Eight miRNA expression levels from both urine
and plasma samples were examined, and the AUC was 0.8595.

Conclusion: Two miRNA classifiers could improve the drawbacks of current UC biomarker screenings for patients with
CKD.

Background

Urothelial carcinoma (UC) includes bladder cancer and urinary tract cancer. A worldwide report revealed approximately
549,393 newly diagnosed cases and 199,922 deaths from UC in 2018 (1). UC accounts for 90% of bladder cancer and is
the most common malignancy involving the urinary tract (2). UC is responsible for 31% of urinary tract cancers in Taiwan
(3). 51-58.6% of UC patients have chronic kidney disease (CKD) and patients with CKD are more at risk of UC (3—
6).Advanced stages of CKD are associated with poor prognosis for UC treatment (7, 8). The association of CKD and UC
makes it more difficult to diagnosis UC in patients with CKD. Painless hematuria is the most common presenting
symptom in UC, but painless hematuria is also common in patients with CKD. The sensitivity and specificity of UC protein
markers are decreased because the serum protein levels are increased in patients with CKD (9-13). Intravenous
pyelography or urography cannot be performed in patients with CKD because of the exposure of contrast media (14). The
high specificity of urinary cytology can be interfered by the presence of CKD (15). Invasive cystoscopy or ureteroscopy are
usually needed to confirm the diagnosis of UC. In addition, the cost of cystoscopy or ureteroscopy is expensive, the
procedure is invasive and uncomfortable, and patients need to experience the risk of anesthesia and surgery. Therefore,
developing highly accurate noninvasive biomarkers for UC is urgently needed for patients with CKD.

The miRNA pattern in biofluids was thought to provide disease molecular markers to predict or differentiate different
types of cancers because the development of cancer is associated with the expression levels of circulating miRNAs (16—
18). In addition, miRNAs can be packed and released through exosomes or extracellular vesicles, enhancing their stability
in biofluids such as urine and plasma. Some reports have discussed the difference in miRNA expression in biofluids for
predicting urological tumors, but most of the studies compared healthy donors with patients with cancer (16, 19-23). Our
previous study demonstrated that the miRNA prediction models of plasma predicted UC in patients with ESRD (24). In the
present work, we investigated the expression levels of miRNAs in the urine and plasma of patients with CKD. We further
used these miRNA signatures to develop prediction models of UC for patients with CKD.
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Materials And Methods
Patients and samples

The Taiwan Urothelial Cancer Consortium (TUCC) organized a multicenter study of urothelial cancer (UC) from ten
hospitals in Taiwan. The ten hospitals are distributed throughout the country (13). A total of 272 patients (50, 111 and
111 samples were healthy, CKD and CKD + UC, respectively) participated in this study. The urine and blood samples were
collected from control patients after obtaining informed consents. The urine and blood samples were collected from CKD
+UC patients within three days before the surgery. Samples were centrifuged at 1,700 and 2000 x g for 20 minutes. The
supernatant was collected and stored at -80°C.

Ethics approval and informed consent

This study was approved by the internal review board (IRB) of China Medical University Hospital (CMUH 102-REC2- 043)
and the IRB of each hospital. Written informed consent was obtained from all patients to use their urine and blood
samples. All methods were followed in accordance with guidelines and regulations.

Total RNA Isolation from biofluids and miRNA Quantification by RT-
PCR

Total RNA from urine and plasma was extracted using TRIzol® LS Reagent and a mirVana™ miRNA Isolation Kit
according to the standard protocol. The spiked-in control of cel-miR-39-3p for technical variability followed the previously
described (24). The RNA quality was detected by a spectrophotometer (BioTek Instruments). All RNA samples were stored
at-80°C. The TagMan™ MicroRNA Reverse Transcription Kit (Applied Biosystems) was used to produce the cDNAs from
miRNAs, and the standard protocol or ingredients were followed as described previously (25). The microRNA profiling was
generated using TagMan® 2x Universal PCR master mix without UNG and TagMan® Array Human MicroRNA Cards
(4444913). TagMan® miRNA assays quantified the specific miRNAs expression (4427975) (Thermo Fisher Scientific).

Data Statistical Analysis

The expression of miRNAs was determined using the 272CT method relative to RNU6. The miRNA expression data were
transformed to the log,o form to fit a normal distribution. The value of no detection of miRNA expression was replaced
with the - 4.5 value in the log,, form. Clinical characteristics between healthy, CKD and CKD + UC patients were evaluated

using Pearson’s chi-squared test for each variable. Normality and Student’s t-test were used for unpaired comparisons of
two groups. All tests were two-tailed and were assessed by Levene's test. All statistical analyses were completed with
GraphPad Prism software. Logistic regression of miRNA expression was combined with SigmaPlot software. All statistic
methods or procedures were followed as described previously (24).

Survival Curve Analysis

A public website of a smRNA-seq analysis of the clinical specimens was compared to survival status with KM-plotter
(http://kmplot.com/analysis/index.php?p=background) (26). Then, miRNA expression values from clinical specimens
were used to perform Kaplan-Meier survival curve analysis according to the clinical parameters provided in the dataset.
High and low expression groups were created using an automatic cutoff as described previously (25).

Results

Differentially Expressed Urine and Plasma miRNAs between CKD and
CKD +UC
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In order to discover an ancillary diagnostic tool for UC in patients with CKD, all samples were collected from ten hospitals
throughout Taiwan from 2013 to 2018. We matched the patients with CKD and CKD + UC by sex, age, and CKD stage to
select the difference in miRNA expression levels in this study (Table 1). For CKD + UC, blood and urine samples were
collected within three days before surgery. For the control group, blood and urine samples were collected after tracking
their renal functions as CKD. Next, we detected 754 miRNA expression levels from 22 (11 CKD and 11 CKD + UC) and 16 (8
CKD and 8 CKD +UC) samples of urine and plasma, respectively, by high-throughput and quantitative real-time PCR
arrays. We not only calculated the relative expression levels by RNU6 but also calculated the miRNA expression of the
ratio value of two different miRNAs from the same sample to remove the normalization problem in cell-free biofluids. To
date, no literature has noted that any miRNA is a competent internal control in biofluids, and we found that the ratio value
method could reduce individual sample differences. We compared CKD and CKD + UC samples in several ways, and 17
candidate miRNAs were selected (Table 2).

Next, we validated the expression levels of 17 candidate miRNAs from a screening set by the single gRT-PCR method and
measured 200 urine samples (100 CKD and 100 CKD + UC) and 138 plasma samples (74 CKD and 64 CKD + UC) in
training and testing set. Our results showed that the expression of seven miRNAs was significantly different between the
CKD and CKD +UC samples (Fig. 1). In urine samples, miR-1274a and miR-30a-5p expression levels were significantly
decreased (p = 0.0243 and 0.0356, respectively), but the miR-19a-5p expression level was significantly increased (p <
0.001) (Fig. 1A). In the plasma samples, miR-155-5p, miR-19b-1-5p, miR-378 and miR-636 expression levels were
significantly decreased (p = 0.0324, 0.043, 0.287 and 0.0288, respectively) (Fig. 1B). Interestingly, previous study has
shown that miR-30a-5p had significantly low expression levels in plasma samples of patients with BC (27). In addition,
miR-155-5p expression was also reported to be significantly decreased in the urine sediment cells of patients with BC (28).

Many studies have compared the different miRNA expression levels between the healthy group and patients with UC (29—
31). Unlike previous studies, we tried to compare miRNA expression differences to identify UC from patients with CKD. To
determine whether these candidate miRNAs from this study also have the potential to distinguish from the healthy group,
we further collected 50 healthy cases to analyze the differences within the healthy, CKD and CKD + UC groups. miR-1274a
and miR-30a-5p had significant differences between healthy cases and CKD + UC (p < 0.001). Interestingly, we found that
three miRNAs, namely, miR-30a-5p, miR-19a-5p and miR-708-5p, not only can provide a reliable ability to distinguish
patients who were CKD or CKD +UC (AUC = 0.64, 0.61 and 0.63, respectively) but also had significantly different
expression levels between healthy subjects and CKD (p =0.007, 0.0326 and 0.009, respectively) (Table 3 and Fig. 2).

miRNA Expression Levels as a Prognostic Marker of Bladder Cancer
and Kidney Cancer

It has been known that miRNA expression is associated with cancer prognosis. Therefore, we investigated these 17
candidate miRNAs in a public database (http://kmplot.com) to analyze the association between newly identified miRNA
expression levels and the 5-year survival rate by the Kaplan-Meier method. Among these miRNAs, lower expression levels
of miR-19a, miR-19b, miR-636, and miR-378 and higher expression levels of miR-708-5p were associated with poor
prognosis in BC (p =0.0055,0.014, 0.041, 0.02 and 0.027, respectively) (Fig. 3A). In addition, lower expression of miR-30a
and or higher miR-155 was associated with poor prognosis in urinary cancer, such as papillary cell carcinoma and clear
cell renal cell carcinoma (Fig. 3B).

The Prediction Models to Predict UC for Patients with CKD

To develop a miRNA signature-based predicative model for UC of patients with all stages of CKD, receiver operating

characteristic curve (ROC) analysis was performed. 17 candidate miRNA expression levels in urine or plasma from the

training set samples were examined. The area under the receiver operating characteristic curve (AUC) is the most

commonly used performance measure to indicate the discriminative ability of a prediction mode, and an AUC value higher

than 0.6 could be a potential marker. Four miRNAs expressed in urine and four miRNAs expressed in plasma had AUC
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values above 0.6. The AUC values of miR-1274a, miR-19a-5p, miR-30a-5p and miR-708-5p in urine were 0.71, 0.61, 0.64
and 0.628, respectively (95% confidence intervals: 0.6113 to 0.8198, 0.5016 to 0.7304, 0.5980 to 0.8073 and 0.5136 to
0.7424, respectively) (Table 3A). In plasma samples, miR-155-5p, miR-19b-1-5p, miR-210 and miR-636 could be potential
markers, and their AUC values were 0.65, 0.66, 0.64 and 0.61, respectively (95% confidence intervals: 0.5168 to 0.7773,
0.5327 t0 0.7875,0.5107 to 0.7704 and 0.4758 to 0.7431, respectively) (Table 3B). Interestingly, these miRNAs have been
reported in previous studies to play key functions not only in BC but also in clear cell renal cell carcinoma (32-35).

The combination of multiple factors compared to a single factor always presents more reliable prediction results for
clinical classification. Therefore, we utilized multiple logistic regression calculation formulas to produce the prediction
model combining different miRNA expression levels from the training group (Table 1). In the urine sample, the top four
AUC values for miR-1274A, miR-30a-5p, miR-19b-3p and miR-708-5p were combined and calculated together, and the AUC
was 0.8211 (95% confidence interval: 0.7359 to 0.9063). We also validated this panel in the testing group, and the data
from 200 patients show that the accuracy of the 4-miRNA signature in urine was 70%, based on the cutoff value >0.483
(Fig. 4A). Furthermore, we added another four miRNAs, namely, miR-155-5p, miR-19b-1-5p, miR-210 and miR-636, in
plasma to increase the AUC value, and the AUC value increased up to 0.8507 (95% confidence interval: 0.7751 to 0.9439).
The accuracy of the 8-miRNA signature was 72%, based on the cutoff value >-0.5940 (Fig. 4B)

Nomogram construction based on miRNAs expression signature

In order to validate the risk of UC, a nomogram integrated miRNAs expression signature was established. The miRNA
expression level was transformed to the points based on the cutoff value from the training group. The cutoff of miR-
1274a, miR-19a-5p, miR-30a-5p and miR-708-5p were < 34.41, > 2.24*10"4,< 3.798 and >2.235*10"/, respectively. The
AUC of the nomogram for urine samples were 0.7383 (n = 200, 95% confidence interval: to 0.6685 to 0.8080) (Fig. 5A).
Furthermore, the cutoff of miR-155-5p, miR-19b-5p, miR-210-3p, miR-378 and miR-636 were < 1.21, < 0.5107, < 4.766 and
<0.5722, respectively. The AUC of the nomogram for urine and plasma samples were 0.8096 (n = 138, 95% confidence
interval: 0.7365 to 0.8827) (Fig. 5B).

Discussion

We found that the expression levels of miR-1274a and miR-30a-5p were significantly lower in CKD + UC compared with
patients with CKD in the urine samples, but conversely, miR-19a-5p was significantly higher in CKD + UC patients (Fig. 1A).
High expression levels of miR-1274a have been demonstrated in clear cell renal cell carcinoma (ccRCC) compared with
adjacent normal cells, which further induced cell apoptosis through the regulation of BMPR1B expression (32). The
expression level of miR-30a-5p had significant decreased about 40% in the plasma sample of the BC patients when
compared to the healthy, indicating lower expression of miR-30a-5p in urine due to the filtering on renal corpuscle (27).
miR-30a-5p showed lower expression in UTUC compared with normal tissue, which was linked to decreased epithelial-to-
mesenchymal transition (EMT) through regulation of the tight junction protein claudin-5 (34). Another study showed that
miR-30a-5p expression was lower in muscle invasive BC and that overexpression of miR-30a inhibited the malignancy of
UC through Notch-1 gene regulation (33). In addition, compared with the healthy group, miR-19a showed higher
expression levels in the samples of BC such as cell lines, tissue and plasma (30).

Our results showed that the expression levels of miR-19b-1-5p, miR-378, miR-636 and miR-155-5p were significantly lower
in CKD +UC plasma samples (Fig. 1B). The data of hazard ratio showed that the miR-19b expression level was highly
correlated with the incidence of BC. Higher miR-19b expression levels were found in ccRCC tissue, and miR-19b promoted
the malignancy of ccRCC through RhoB gene expression (36, 37). Lower miR-378 expression levels were significantly
linked to the high-risk group suffering from prostate cancer (38). miR-155 showed a higher expression level in the urine
and tissue of patients with BC (28, 39, 40). It has been demonstrated that miR-155 is a key regulator that promotes BC
growth through DMTF1 regulation.
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Interestingly, our results revealed that miR-155 had significantly lower expression in plasma samples of patients with UC
compared to patients with CKD. However, other reports showed that miR-155 had higher expression in the urine, plasma
and tissues of patients with BC compared to the healthy population (24, 28, 39, 40). In addition, three studies indicated
different expression levels of miR-378 in RCC compared to the serum of healthy (41-43). Importantly, the statistical
methods, including the calculation of expression levels and different internal controls, led to different results. The
expression levels of miRNAs were inconsistent between cells and urine, possibly due to tissue specificity or the different
functional effects between cellular and extracellular environments.

Our results showed that lower expression of miR-19a, miR-19b, miR-636 and miR-378 and higher expression of miR-708-
5p were linked to the poor prognosis of patients with BC (Fig. 3A). On the other hand, the group with lower miR-30a
expression and higher miR-155 expression was linked to the poor prognosis of ccRCC (Fig. 3B). Interestingly, a previous
study showed that high miR-19a expression was associated with poor prognosis of prostate cancer (44). Low expression
of miR-19b-1-5p in tissue was linked to poor prognosis of BC, and low miR-19b expression in patients suffering from
prostate cancer also showed poor prognosis (24, 44). Poor prognosis was also found in the group with low miR-378
expression in the plasma of RCC (42). In a previous study, miR-708 was reported in non-small cell lung cancer, ovarian
cancer and stomach cancer (45-47).

Conclusions

In this study, we aimed to establish predictive models of UC using miRNA expression levels in the urine and plasma. The
prediction models could be an ancillary diagnostic marker for patients with CKD, who are at high risk of developing UC. As
far as we know, this is the first study to investigate UC in CKD patients by miRNA expression levels in their biofluids.

In our study, we established miRNA prediction models with the combination of expression of four or eight miRNAs as a
noninvasive screening or a diagnostic tool to predict the occurrence of UC in patients with CKD (Fig. 4). This study
showed that the expression levels of specific mMiRNAs (miR-1274a, miR-30a-5p, miR-19a-5p, miR-155, miR-19b-1, miR-378
and miR-636) were significantly different between patients with CKD and those with UC. More importantly, the miRNA
prediction models offered higher accuracy than the current serological test method such as HE-4 (13). This novel miRNA
prediction models can improve the current problem of late diagnosis and be used to screen UC for patients with CKD in
the future.

Abbreviations
AUC Area under the curve
miRNA microRNA
gRT-PCR | Quantitative Reverse Transcription Polymerase Chain Reaction
ROC Receiver Operating Characteristic
ucC Urothelial carcinoma
CKD Chronic Kidney Disease
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Tables

Tab 1. Distribution of the clinical status of patients in this study.
Each group was well matched for age, sex and CKD stage. n, number in each group. Mean, average of
each group. SD, standard deviation. CKD, chronic kidney disease. CKD+UC, the urothelial carcinoma

patients with CKD. 2Independent samples test. PPearson chi-square test.

Screening (n= 22) Training (n= 100) Testing (n= 100) Testing (n=
50)
CKD uc CKD ucC CKD ucC Normal

n Mean SD n Mean SD Pvalue n Mean SD n Mean SD Pvalue n Mean SD n Mean SD Pvalue n Mean SD

Age 11 66.82 11.25 11 64.45 9.50 0.6002 50 65.4 10.6 50 65.78 11.49 0.8492 50 61.12 11.22 50 67.44 10.95 0.0052 50 61.88 14.52
Sex F 2 2 1 15 13 0.656° 20 18 0.591° 18
M 9 9 35 37 30 32 32
Grade - 11 50 5 50 14 50
low 0 13 9
high 11 0 32 27
CKD 0 50
stage
I 1 1 1t 9 11 0.856° 10 7 0.680P
o1 1 10 11 10 10
m 3 3 15 14 11 18
v 2 2 10 11 10 7
V 4 4 6 3 9 8

Tab 2. miRNA names and sequences.
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hsa-miR-586 UAUGCAUUGUAUUUUUAGGUCC
hsa-miR-129-5p CUUUUUGCGGUCUGGGCUUGC
hsa-miR-33b-5p GUGCAUUGCUGUUGCAUUGC
hsa-miR-30a-5p UGUAAACAUCCUCGACUGGAAG
hsa-miR-1274A GUCCCUGUUCAGGCGCCA
hsa-miR-126-3p UCGUACCGUGAGUAAUAAUGCG
hsa-miR-210-3p | CUGUGCGUGUGACAGCGGCUGA
hsa-miR-202-3p AGAGGUAUAGGGCAUGGGAA
hsa-miR-19a-5p | AGUUUUGCAUAGUUGCACUACA
hsa-miR-708-5p | AAGGAGCUUACAAUCUAGCUGGG
hsa-miR-19b-1-5p | AGUUUUGCAGGUUUGCAUCCAGC
hsa-miR-183-3p GUGAAUUACCGAAGGGCCAUAA
hsa-miR-636 UGUGCUUGCUCGUCCCGCCCGCA
hsa-miR-155-5p | UUAAUGCUAAUCGUGAUAGGGGU
hsa-miR-378 ACUGGACUUGGAGUCAGAAGG
hsa-miR-487a-3p | AAUCAUACAGGGACAUCCAGUU
hsa-miR-150-5p UCUCCCAACCCUUGUACCAGUG

Tab 3. The area under the curve of candidate miRNAs in the training group.

The receiver operating characteristic curve analysis for the candidate miRNAs is shown to distinguish
patients with UC from those with CKD through urine samples (A) and plasma samples (B) (n=100 and 70,
respectively).

A

miR-1274a 0.71 0.6090 - 0.8110
miR-19a-5p 0.61 0.4943 - 0.7169
miR-30a-5p 0.64 0.5342-0.7514

miR-708 0.63 0.6717 - 0.8611

B

miR-155 0.65 0.5168 - 0.7773
miR-19b-1-5p 0.66 0.5327 - 0.7875
miR-210-3p 0.64 0.5107 - 0.7704
miR-636 0.61 0.4758 - 0.7431

Figures
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Figure 1
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Figure 1

Significant different miRNA expressions in the urine or plasma between CKD and CKD+UC. (A) miRNA levels from the
urine of patients detected by qRT-PCR using RNU6 as a control (n=200). (B) miRNA levels from the plasma were detected
by gqRT-PCR using RNU6 as a control (n=134). The Y axis presents the expression level (Log10 2-ACT). CKD, patients with

chronic kidney disease. CKD+UC, the urothelial carcinoma patients with CKD. The p-value was analyzed by Student’s t-test
for each miRNA.
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Figure 2
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Figure 2

Significant changes in the urine miRNA expression levels between the healthy, CKD and CKD+UC groups. The Y axis
presents the expression level (Log102-ACT). Healthy, healthy donors. CKD, patients with chronic kidney disease. UC, the
urothelial carcinoma patients with CKD. The p-value was analyzed by Student’s t-test for each miRNA.
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Figure 3
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Figure 3

The expression of mMiRNAs in cancer tissue is associated with survival. The Kaplan-Meier survival curve of patients: low
miRNA expression versus high miRNA expression according to the automatic best cutoff from the database. The
statistical significance of the difference in bladder cancer (A) and kidney renal papillary cell carcinoma and kidney renal
clear cell carcinoma (B) are shown.
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Figure 4
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Figure 4

ROC curve analysis of miRNA combinations. (A) ROC curve analysis for miR-1274a, miR-19a-5p, miR-30a-5p and miR-708-
5p in urine was shown to distinguish patients with CKD+UC from those with CKD. (B) The ROC analysis for eight miRNAs
(4 in urineImiR-1274a, miR-19a-5p, miR-30a-5p and miR-708-5p, and 4 in plasmalmiR-155-5p, miR-19b-1-5p, miR-210 and
miR-636) was shown to distinguish patients with CKD+UC from those with CKD. The box plots show the two prediction
models distribution that combine the miRNA expression levels from the training group.
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Figure 5
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Figure 5

Nomogram for the diagnosis of urothelial cancer. (A) Nomogram plot from the points of four miRNA expressions in urine
sample. (B) Nomogram plot from the points of eight miRNA expressions in urine and plasma sample.
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