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Abstract

Objective: Bladder cancer is one of the commonest genitourinary tumors all over the world. The early
detection rate was still very low due to the lack of effective diagnostic biomarkers. In this study, we
examined the feasibility and efficacy of urine miR-126 detection in the diagnosis of bladder cancer,
which could help identify a new diagnostic biomarker for such deadly disease.
Methods: Patients with bladder cancer (bladder cancer group) and urinary tract infection (non-bladder
cancer group) admitted in our department from January 2013 to December 2016 were enrolled. The two
groups were age and gender matched. Demographic and clinical data were retrieved, and urine samples
were collected. Real-time RT-PCR was used to detect urine miR-126 relative expression.
Results: A total of 134 bladder cancer patients were included in bladder cancer group, while there were
268 patients with urinary tract infection in non-bladder cancer patients. Real-time RT-PCR results
proved that urine miR-126 level in bladder cancer patients were greatly higher than that in non-bladder
cancer patients (P=0.03). In our study, there were a total of 181 patients with hematuria. High miR-126
could predict the diagnosis of bladder cancer in patients with hematuria (P=0.01).
Conclusions: Increased urine miR-126 level could predict the diagnosis of bladder cancer, especially in
patients with hematuria. Our findings supported that the detection of urine miR-126 could serve as a
diagnostic biomarker for bladder cancer.
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Introduction
Bladder cancer is one of the commonest malignant diseases in
urinary system, which has the highest incidence among
genitourinary tumors in China [1,2]. In recent years, the
prevalence of bladder cancer has been greatly on the increase.
Epidemiological investigations proved that a series of
etiological factors were associated the development and
progression of bladder cancer, including smoking, drinking [3].
Painless hematuria is the main clinical manifestation in such
patients, but the symptoms at early stage are nonspecific. Thus,
the identification of early diagnostic biomarkers for bladder
cancer is of special significance.

Micro-RNAs (miRNAs) are small RNA molecules that
regulate the downstream genes [4]. It has been reported that the
dysregulations of miRNAs could contribute the pathogenesis
of multiple human diseases [5]. The oncogenic roles of
miR-126 have been well validated in bladder cancer, which
could promote tumor growth and progression both in vitro and
in vivo experiments [6,7]. Previous studies demonstrated that
aberrant miRNAs levels may be introduced as new biomarkers
for early diagnosis and prognosis in bladder cancer [8].
However, most researchers detected the miRNAs level in tissue
and blood samples [9]. Considering that bladder cancer as a
genitourinary tumor and the convenience of urine collections,

we further examined whether urinary miRNAs detection can
serve as a diagnostic markers for bladder cancer, especially in
patients with hematuria. Our findings on the detection of urine
miR-126 level for predicting bladder cancer may provide new
insights into the developing a new effective diagnostic and
prognostic markers for bladder cancer, which can enlighten the
future researches and optimize the current management.

Patients and Methods

Patients
Patients who were initially diagnosed as bladder cancer in our
department from January 2013 to December 2016 (bladder
cancer group) were enrolled, and all the patients were
pathologically diagnosed. Patients with urinary tract infection
who were 1: 2 matched with age and gender admitted in the
same period (non-bladder cancer group) were also included.
Demographic and clinical data were retrieved from the
computerized database, and the urine samples were collected.

This study was approved by the Ethic Committee of our
hospital and all the patients gave their written informed
consent.
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Urine preparation and total RNA extraction
3.54 g Guanidinium Thiocyanate (GTC) and salt solutions
were added into the urine samples to make a final
concentrations of 6 mol/l GTC, 0.025 mol/l sodium acetate,
0.25% N-lauroylsarcosin, 0.5 mol/l HEPES at pH 7, and then
the samples were stored at -80°C for RNA preparation.

The pH value of stabilized urine samples was adjusted to pH
7.0 by adding 1 mol/l HEPES at pH 7.0. An equal volume of
acidic phenol: chloroform was added to the urine samples to
extract RNA. The silica membrane and 100% (vol/vol) ethanol
were applied to purify RNA. The miRNeasy kit (Qiagen,
Hilden, Germany) was used to extract miRNAs from the urine
samples. RNA extracts were quantified by NanoDrop 2000
(Thermo Scientific, Massachusetts, the USA) and stored at
-80°C.

Real-time RT-PCR and miR-126 detection
The reverse transcription reaction of 5 μl RNA extract was
carried out using TaqMan MicroRNA Reverse Transcription
Kit (Applied Biosystems, Darmstadt, Germany), containing 5
μl RNA, 1 mmol/l of each deoxyribonucleotide triphosphate,
50 units of Multicribe Reverse Transcriptase, 1 μl reaction
buffer, 4 units RNase inhibitor and 1 μl gene-specific primers,
and nuclease-free H2O was added to a final volume of 15 μl.
The mixture was incubated at 16°C for 30 min and then at
42°C for 30 min to synthesize cDNA. cDNA was quantified
using NanoDrop 2000 (Thermo Scientific, Massachusetts, the
USA).

miR-126 and the small nuclear RNA U6 (internal control) were
detected in triplicates via qRT-PCR using human TaqMan
MicroRNA Assay Kits (Applied Biosystems, Darmstadt,
Germany). 1.33 μl cDNA solution was amplified using 1 μl
TaqMan Universal PCR Master Mix 656 M, 1 μl gene-specific
primers, and nuclease-free H2O in a final volume of 20 μl. The
quantitative PCR was run on a 7900 HT quantitative PCR
machine (Applied Biosystems, Darmstadt, Germany) with an
initial denaturation at 95°C for 10 min, followed by 40 cycles
with a denaturation at 95°C for 15 s and an annealing/
elongation at 60°C for 60 s. The Cycle threshold (Ct) values
were calculated. The relative expression of miR-126 was
normalized to the internal control. The primers for miR-126
and RNU6B were purchased from Takara Bio Inc.

Statistical analysis
All the statistical analysis was conducted by SPSS 17.0
software (SPSS Inc., Chicago, IL, USA). Continuous and
categorical data were presented as mean (range) and
percentage (%), and the differences on continuous and
categorical data were tested by student t-test and chi-square
test when appropriate, respectively. A two-tailed P value less
than 0.05 was considered to be statistically significant.

Results

Demographic and clinical characteristics
A total of 134 bladder cancer patients were included in bladder
cancer group, while there were 268 patients with urinary tract
infection in non-bladder cancer patients (Table 1). The two
groups were age and gender matched. The mean age at
admission was both 52.8, ranging 38-68 (P=1.00). The female:
male ratio was both around 1:1.6 in both two groups (P=1.00).
More patients in bladder cancer group had a family history of
genitourinary tumors (n=89, 66.4% vs. n=92, 34.3%, P=0.03).
In bladder cancer patients, the commonest clinical
manifestation was hematuria (n=101, 75.4%), while urinary
irritation symptoms including odynuria, urgent urination and
frequent micturition (n=186, 69.4) were most commonly seen
in non-bladder cancer group (P=0.04, Table 1). It was
suggested that patients with hematuria, especially painless
hematuria should be further examined to exclude the diagnosis
of bladder cancer.

Increased urine miR-126 level was associated with
bladder cancer
Urine samples were collected and total RNA was extracted.
Real-time RT-PCR results proved that urine miR-126 level in
bladder cancer patients were greatly higher than that in non-
bladder cancer patients (P=0.03, Figure 1). Then, we further
analysed whether urine miR-126 detection could be able to
differentiate bladder cancer from urinary tract infection in
patients with hematuria. In our study, there were a total of 181
patients with hematuria. High miR-126 could predict the
diagnosis of bladder cancer in patients with hematuria (P=0.01,
Figure 2). These findings could benefit the early diagnosis of
bladder cancer in patients who had suspected clinical
symptoms like painless hematuria.

Figure 1. Urine miR-126 overexpression was associated with bladder
cancer (P=0.03).
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Figure 2. High miR-126 could predict the diagnosis of bladder
cancer in patients with hematuria (P=0.01).

Discussion
Bladder cancer remains a deadly disease with relatively poor
survival and early detection rate. Although great efforts have
been made to clarify the carcinogenesis and develop new
effective treatments for bladder cancer, there is still no cure
[10]. Bladder cancer patients at early stage could be treated by
radical surgery, which may improve the patients’ life quality
and prognosis. However, those patients at advanced stage may
only be treated by chemotherapy, radiotherapy and targeted
therapy, and the clinical efficacy is quite different among
different individuals. Thus, the early diagnosis of bladder
cancer is closely correlated with the clinical outcome,
indicating that the validation of effective biomarkers for early
diagnosis of bladder cancer is vital to the clinical management
of such patients [11,12]. In this study, we reported that the
detection of urine miR-126 could be feasible and effective in
differentiating bladder cancer from urinary tract infection,
especially in patients with hematuria.

So far, hundreds of molecules have been proved to be the
potential biomarkers for early diagnosis of bladder cancer
[13-15]. Among them, miRNAs are the most promising
candidates, which could regulate the functions of downstream
target genes, consequently mediating a series of biological and
physiological processes including cell proliferation, cell
apoptosis, cell metabolism and the like [4,16]. In bladder
cancer, miR-126 was overexpressed in tumor tissue compared

with that in normal tissue [17]. Both in vitro and in vivo
experiments have demonstrated that miR-126 could enhance
tumor cell proliferation, invasion and migration, but suppress
tumor cell apoptosis in bladder cancer, suggesting that
miR-126 could play an oncogenic role in the development and
progression of bladder cancer [18]. In clinical practice, the
acquisition of tissue specimens is difficult, which can be
completed either by biopsy or by surgical resection, while
urine collection is much more easy and convenient. In addition,
the detection of urine miR-126 level in the diagnosis of
genitourinary tumors has been rarely reported [19]. Thus, we
proposed that urine miR-126 expression may be a very
promising early diagnostic biomarkers for bladder cancer.

In this study, patients with bladder cancer and urinary tract
infection were both enrolled, and the later served as the
controls. The results proved that urine miR-126 level was
higher in bladder cancer than that in non-bladder cancer, which
was statistically significant. Subgroup analysis on the patients
with hematuria reached a similar conclusion that increased
miR-126 level in urine samples could differentiate bladder
cancer from urinary infection tract, which was of very special
clinical significance. There were still limitations in our study.
First, all the patients were from one single center and a large
scale multicenter investigation may provide more reliable
results. Second, healthy controls were not enrolled, because all
the patients enrolled were hospitalized in our department and
there were no healthy controls. In future, eligible outpatients
may also be included as healthy controls. Third, the prognostic
value of urine miR-126 detection has not been evaluated in this
study. In addition, Due to the limitation of our sample size,
ROC curve was not drawn to determine the cut-off value of
miR-126 for diagnosing bladder cancer. We are now enrolling
more patients and the optimal cut-off value of miR-126 will be
further examined.

Taken together, urine detection of miR-126 level was feasible
and effective in the early diagnosis of bladder cancer, and this
method could also be introduced to the differentiation of
bladder cancer and non-bladder cancer in patients with
hematuria. This conclusion that urine miR-126 is potential
biomarker for early diagnosis and outcome prediction of
bladder cancer still needs to be further examined in large scale
studies.

Table 1. Demographic and clinical characteristics.

 Bladder cancer group (n=134) Non bladder cancer group
(n=268)

P value

Gender, n (%)   1

Female 52 (38.8) 104 (38.8)  

Male 82 (61.2) 164 (61.2)  

Age at admission, years, mean (range) 52.8 (38-68) 52.8 (38-68) 1

Family history of genitourinary tumors, n (%) 89 (66.4) 92 (34.3) 0.03

Clinical manifestations, n (%)   0.04
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Hematuria 101 (75.4) 80 (29.9)  

Urinary irritation symptoms 21 (15.7) 186 (69.4)  

Weight loss 12 (8.9) 2 (0.7)  
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