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Abstract

Objective: To assist in the diagnosis, treatment, and prognostic prediction of bladder cancer, the molecular patterns associated with it
should be elucidated. Competing endogenous RNA network: MicroRNA (miRNA), long noncoding RNA (IncRNA), and their target
autophagy genes have been strongly implicated in tumor development and metastasis.

Patients and methods: Bioinformatics analysis was performed to retrieve a ceRNA: IncRNA-miRNA-mRNA network linked to autoph-
agy and relevant to bladder cancer. Expression of selected noncoding human RNAs (miR-324-5p, miR-4738-3p, and IncRNA miR-497-HG)
and their target genes (RCANI mRNA and FOSB mRNA) was examined by qPCR in bladder tissues and urine samples obtained from 196
individuals (98 patients with bladder cancer, 48 patients with benign lesions, and 50 healthy controls).

Results: Expression levels of the selected genes in urine samples in the bladder cancer group were significantly different from those in
the control group (P < 0.001). Expression in bladder cancer tissue samples correlated with that in urine samples. Urinary expression levels
of all biomarkers had high accuracy to distinguish patients with and without bladder cancer, with FOSB mRNA and RCANI mRNA having
the highest accuracy (99% for RCANI mRNA or FOSB mRNA, 87.8% for miR-324-5p, 84.7% for miR-4738-3p, and 90.5% for IncRNA
miR-497-HG). FOSB mRNA and RCANI mRNA expression showed also a higher accuracy than cytology (77.6%).

Conclusion: The significant differential expression of the ceRNA network: IncRNA-miRNA-mRNA network in bladder cancer as com-
pared to noncancerous controls has revealed the superior accuracy of the chosen biomarkers to cytology, especially FOSB mRNA and
RCANI mRNA, suggesting their involvement in bladder cancer pathogenesis and promising role for future diagnosis, and targeted therapy.
© 2019 Elsevier Inc. All rights reserved.
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1. Introduction males. Two subtypes of bladder cancer have been recorded:
non-muscle-invasive bladder cancer and muscle-invasive

Bladder cancer is the ninth most common malignancy bladder cancer. Patients with muscle-invasive bladder can-
worldwide, and the ninth leading cause of mortality among cer generally have poor prognoses, and distant metastasis

occurs in many cases. Bladder cancer has a high recurrence
—_— ) rate and an extremely high treatment-cost per person, and
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Cystoscopy is the main diagnostic tool for bladder cancer,
but it is an expensive, invasive, and time-consuming proce-
dure. Often, cytology is performed in addition to cystos-
copy, to detect the presence of malignant cells in urine
samples. Its advantages include high specificity and rela-
tively low expenses, while its main limitation is low sensi-
tivity especially for low-grade tumours [2,3]. Therefore,
independent, reliable, and noninvasive biomarkers for the
diagnosis and prognostic prediction of bladder cancer are
needed to improve monitoring sensitivity and decrease fol-
low-up costs.

Autophagy-related genes and apoptosis play pivotal
roles in the progression of many cancers, including bladder
cancer. Autophagy (‘self-eating’) is a highly conserved
degradative pathway that promotes survival during meta-
bolic stress. Autophagy is a multifaceted process that has
been hypothesized to suppress tumor growth during the
early stages of cancer development, but to promote tumor-
cell survival in the late stages of tumorigenesis [4].
Although the metabolic reactions of autophagy occur pri-
marily in the cytoplasm, nuclear processes of transcrip-
tional and epigenetic regulation are also important [5].
Epigenetic regulation comprises DNA methylation, histone
modifications, and microRNA (miRNA) regulation, which
are all transformed in carcinogenesis. Moreover, miRNAs
have been associated with cell proliferation, differentiation,
and apoptotic processes in tumor tissues. Several oncogenic
miRNAs are significantly upregulated in bladder cancer
[6]. Numerous studies have addressed the potential role of
miRNAs——single or in combination——as diagnostic bio-
markers in urine samples of tumor patients, with some
being downregulated such as miR-125b, miR-140-5p [7.8],
miR-141, miR-200a, miR-200c [9], and others upregulated
such as miR-18a, miR-92a [8], miR-96 [10,11]. MiR-25b
and miR-92a were suggested as indicators of aggres-
siveness [8] and miR-17-5p as a marker of recurrence [12].
The posttranscriptional regulation of RNA transcripts by
miRNAs represents a classic example of RNA—RNA inter-
actions (crosstalk). One type of crosstalk involves ‘decoy’
mRNAs with multiple base-pairing sites that sequester
miRNAs with complementary sequences, hence minimiz-
ing the miRNA-dependent repression of other target
mRNAs. Similarly, miRNAs can also be sequestered by
long noncoding RNAs (IncRNAs) [13] or circular RNAs
[14]. The study of such ceRNA: IncRNA-miRNA-mRNA
network can aid in the understanding of many oncogenetic
pathways and identification of prognosis- and diagnosis-
related RNAs. In bladder carcinoma, Huang et al reported
that IncRNA H19 and circRNA MYLK could bind competi-
tively with miRNA-29a-3p increasing target gene
DNMT3B, VEGFA, and ITGBI expressions, which are
involved in the progression and metastasis of bladder
cancer [15].

Hence, we sought in this study to identify a novel net-
work of urinary biomarkers (IncRNA-miRNA-mRNA) to
aid in the early detection of bladder cancer.
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2. Patients and methods

2.1. Patients and clinical samples

All samples were obtained from the Urology departments
of the National Cancer Institute Hospital, Cairo University
and the Faculty of Medicine, Ain Shams University Hospi-
tals, Cairo, Egypt, between 2014 and 2016. All patients were
included in the study on the basis of a primary diagnosis of a
suspicious bladder lesion by cystoscopy. According to histo-
pathological examination of tissue specimens, patients with
confirmed bladder cancer or benign lesions were included in
the study. Patients with past history of bladder cancer, previ-
ous chemotherapy, or any other type of cancer in the past
5 years were excluded from the study. All practices and pro-
cedures were approved by the Research Ethics Committees
of Ain Shams and Cairo Universities. Written informed con-
sent was provided by all participants in accordance with the
ethical standards set out in the Helsinki declaration.

Plasma and voided urine samples of 196 participants were
assessed: 98 patients had histologically confirmed bladder
cancer, 48 patients matched for age and gender had benign
urological conditions (benign prostatic hyperplasia or bilharzial
cystitis), and a control group of 50 healthy volunteers (recruited
during routine check-ups) had no previous history of gross
hematuria, urolithiasis, or active urinary tract infections. Clini-
cal and laboratory data of all participants were documented.

For 15 of the 98 patients with bladder cancer, who
underwent transurethral resection, bladder carcinoma, and
corresponding nontumor specimens (= 0.1 g) with a macro-
scopic safety margin of 0.5 cm to the tumor were collected
and confirmed by microscopic examination. From these
patients, 40 to 60 ml of urine was also collected before the
surgical procedures.

2.2. Sample collection and processing

Tissue specimens were preserved in RNAlater (Qiagen,
Germantown, MD), transported in liquid nitrogen and stored
at 80°C. Tumor staging was performed according to the
American Joint Committee on Cancer—Union Internationale
Contre le Cancer tumor-node metastasis classification and
histologically graded by a specialist uropathologist [16].

Voided urine samples (~50 ml) were supplied prior to
any surgical intervention. The samples were centrifuged at
4000 rpm for 10 to 20 minutes at room temperature, and the
pellets were washed with phosphate-buffered saline [17]. A
portion of each pellet was processed for cytology by an expe-
rienced examiner. Another portion of the pellet was treated
with RNAlater and stored at 80°C prior to further processing.

2.3. Bioinformatics analysis to identify an RNA cancer
panel

This network was obtained in 3 main steps. First, 2 rele-
vant protein-coding genes were selected from examination
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of the Gene Atlas (http:/genatlas.medecine.univ-paris5.fr/)
and The Cancer Network Galaxy (TCNG; http://tcng.hge.jp/)
public microarray databases. RCANI mRNA, an autophagy
gene, encodes regulator of calcineurin 1, and FOSB mRNA,
which is highly related to bladder cancer, encodes FBJ
Murine Osteosarcoma Viral Oncogene Homolog B. Second,
miR-324-5p and miR-4738-3p were identified as epigenetic
regulators of both FOSB mRNA and RCANI mRNA that are
related to bladder cancer using http://www.mirbase.org/cgi-
bin/mirna. Finally, IncRNA miR-497-HG, which is thought
to control expression of FOSB mRNA and RCANI mRNA,
was identified by accessing the database of IncRNAs that act
as competing endogenous RNAs (http://gyanxet-beta.com/
Incedb/index.php).

2.4. Total RNA extraction and reverse transcription

The miRNeasy Kit (Qiagen, Hilden, Germany) was used
for extraction of total RNA from tissue samples and urinary
pellets, according to the manufacturer’s instructions. RNA
quality and concentration were evaluated by measuring the
absorption at 260 nm and 280 nm with a BioPhotometer
Plus (Eppendorf, Hamburg, Germany). An Ajg¢/Asgo ratio
of between 1.8 and 2.0 [18] was considered to represent a
satisfactory level of RNA quality. Reverse transcription of
RNA into cDNA was performed with the miScript II RT
Kit (Qiagen, Germany), as per the manufacturer’s protocol
for serum/tissue samples, in a Hybaid thermal cycler
(Thermo Electron, Waltham, MA, USA).

2.5. Real-time quantitative PCR (qPCR) assessment of
RNA cancer network

For the determination of miR-324-5p and miR-4738-3p
expression levels in urine and tissue samples, the miScript
SYBR Green qPCR kit (Qiagen, Hilden, Germany) was
used with miRNA-specific forward primers (Hs_miR-324-
S5p_1 and Hs_miR-4738-3p_1 miScript Primer Assays,
cat. no. MS00006825 and MS00039592, accession no.
MIMATO0000761 and MIMATO0019867, respectively).
Expression of IncRNA-miR-497-HG was assessed with
RT? SYBR Green ROX gPCR Mastermix (Qiagen, Hil-
den, Germany) and RT? IncRNA qPCR Assay for Human
MIR497HG (ENSTO00000385056; cat. no. LPH25656A;
Qiagen). Expression of FOSB mRNA and RCANI mRNA
was assessed by QuantiTect SYBR Green qPCR (Qiagen,
Hilden, Germany) with gene-specific primers; specifically,
Hs_FOSB_1_SG QuantiTect Primer Assay (cat. no.
QT00013076) and Hs_RCAN1_1_SG QuantiTect Primer
Assay (cat. no. QT00029428).

For each reaction, cDNA was mixed with SYBR Green
Mastermix, RNAse-free water and gene-specific primers.
qPCR was carried out with a Step One Plus System (Applied
Biosystems, Foster, CA) with the following cycling condi-
tions: initial activation at 95°C for 15 minutes, followed by
40 cycles of denaturation at 94°C for 15 seconds, annealing
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at 55°C for 30 seconds and extension at 70°C for 30 seconds
for the miRNA assay; or initial activation at 95°C for 10
minutes, followed by 40 cycles of denaturation at 95°C for
15 seconds, annealing and extension at 65°C for 1 minute for
the assay of IncRNA miR-497-HG; or initial denaturation at
95°C for 15 minutes, followed by 35 to 45 cycles of denatur-
ation at 94°C for 15 seconds, annealing at 50 to 60°C for 30
seconds and extension for 30 seconds at 72°C for FOSB
mRNA and RCANI mRNA assays.

The 274 method was employed to calculate the rela-
tive quantities of RNAs in each sample [19]. RNU6
(Hs_RNU6-2_11 miScript Primer Assay, cat. no.
MS00033740) served as the housekeeping gene (normali-
zation control) for the miRNAs, and ACTB (S-actin, RT?
IncRNA qPCR Assay, cat. no. LPH28471A) was the con-
trol for IncRNA miR-497-HG, FOSB mRNA, and RCANI
mRNA. In addition, the raw data were compared with ref-
erence control samples.

The threshold cycle (Ct) value for each assay in each
sample was calculated with Step One Plus software v2.2.2
(Applied Biosystems). Ct values >36 were regarded as neg-
ative results. The specificities of PCR amplification were
verified by identification of a single peak in each melting
curve. Each sample was analyzed in duplicate.

2.6. Statistical analyses

Analyses (Mann-Whitney, Kruskal—Wallis, and chi-
square) were conducted with the Statistical Package for
the Social Sciences (SPSS) version 20 (IBM, Armonk,
NY). The receiver operating characteristic (ROC) curve
was also plotted, to analyze the optimal cut-off value of
the selected RNA cancer panel in differentiating bladder
cancer from noncancerous conditions. Additionally,
Spearman rank correlation test was applied to evaluate the
relationships between RNA levels in different samples. A
2-tailed P value of <0.05 was considered to indicate a sta-
tistically significant difference. The nonparametric type of
testing was used here, as the data did not seem to follow a
normal distribution.

3. Results

3.1. Characteristics of the study population

No statistically significant differences were identified in
age, sex or smoking status among the 3 groups (P >0.05),
as shown in Supplementary Table 1. A significant differ-
ence was observed by chi-square test in the proportions of
individuals in the 3 groups who were positive for the pres-
ence of bilharzial antibodies (P =0.016).

3.2. Urinary levels of ceRNA network in the 3 study groups

Individual relative quantity (RQ) values of each RNA in
urine samples in the 3 groups are shown in Fig 1 (P <0.05),
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Fig 1. Urinary levels of RNAs in the bladder-cancer panel. Boxplots show medians, interquartile ranges and maximum and minimum values for relative
quantities of 5 RNAs in urine samples from 98 patients with bladder cancer, 48 patients with benign lesions and 50 healthy controls. RNA levels were deter-
mined by gRT-PCR (A) miR-324-5p; (B) miR-4738-3p; (C) IncRNA miR-497-HG; (D) FOSB mRNA; (E) RCANI mRNA,).

with mean ranks of RQ in Supplementary Figure 1 and
Table 1. The Kruskal—Wallis test results indicated that the
mean ranks of RQ were not equivalent in the 3 groups for
any of the RNAs (all P <0.001). Compared with the control

and benign-lesion groups, the bladder cancer group demon-
strated higher urinary levels of miR-324-5p, miR-4738-3p,
and FOSB mRNA, and lower levels of IncRNA miR-497-
HG and RCANI mRNA.
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Table 1

Positivity and differential expression of the 5 urinary biomarkers across the investigated groups expressed as RQs (relative quantities)

miR-4738-3p IncRNA miR-497-HG FOSB mRNA RCANI mRNA

miR-324-5p

Groups

Mean rank  Cases above cut-off Meanrank Cases above cut-off Mean rank Cases below cut-off Mean rank of RQ* Cases above cut-off Mean rank Cases below cut-off

of RQ* (<0.857)°, n (%)

(>31.826)°, n (%)

(>7.382)° n (%)  of RQ* (>14.311)°, n (%) of RQ® (<0.743)°, n (%)

of RQ*

97 (99%)

97 (99%) 51.24

142.32

86 (90.5%)

53.23

83 (84.7%)

140.9

86 (87.8%)

Patients with malignant 139.27

primary tumors
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0 (0%)

139.65

114.08 16 (33.3%) 63.43 0 (0%)

19 (39.6%)

85.56

11 (22.9%)

85.33

Patients with benign
bladder lesions

1(2.2%)
183.124

146.91

1 (2.2%)
183.124

29.88

0 (0%)
99.11

161.35

0 (0%)
99.11

27.82

0 (0%)

31.24
123.774

Healthy controls

132.393

149.917

128.927

135.168

119.95

0.001 %%

0.001 %%

0.001 %%

0.001 %%

0.001 %%

0.001 %%

0.001 %%

0.001 %%

0.001 %%

0.001%%*

P<

relative quantity

RQ=

Significant differences were detected between the investigated groups at P <0.001 (***) using the non-parametric Kruskal—Wallis test* and chi-square test”

3.3. Accuracy of urinary parameters for prediction of
bladder cancer

To assess the diagnostic relevance of the proposed bio-
markers, receiver operating characteristic ROC analysis
was performed, and area-under-the-curve (AUC) values
were obtained (Supplementary Figure 2). For comparison
of patients with bladder cancer and individuals without can-
cer, the most suitable RQ cut-off values for differentiation
between the 2 groups were 7.4, 14.3, 0.7, 31.8, and 0.9 for
miR-324-5p, miR-4738-3p, IncRNA miR-497-HG, FOSB
mRNA, and RCANI mRNA, respectively. For miR-324-5p,
miR-4738-3p, and FOSB mRNA, an RQ greater than or
equal to the cut-off value indicated a diagnosis of bladder
cancer, whereas for IncRNA miR-497-HG and RCANI
mRNA, an RQ less than or equal to the cut-off value indi-
cated the presence of cancer. With these cut-off values, the
sensitivities were 87.8%, 84.7%, 90.5%, 99%, and 99%,
and the specificities were 86.7%, 80.6%, 83%, 98.9%, and
98.9%, respectively, for miR-324-5p, miR-4738-3p,
IncRNA miR-497-HG, FOSB mRNA, and RCANI mRNA
(Supplementary Figure 3).

3.4. Urinary RNA levels in relation with
clinicopathological factors in patients with bladder cancer

Relationships between urinary RNA levels and clinico-
pathological parameters in patients with bladder cancer
were evaluated by nonparametric Kruskal—Wallis tests.
For RCANI mRNA, the mean rank of RQ was significantly
higher in patients with positive urine cytology (54.65) than
in patients with negative cytology (43.18; P =0.047) (Sup-
plementary Table 2). A significant association was also
identified between the mean rank of RQ of miR-4738-3p
and urine cytology, with mean rank values of 41.4 for
patients with positive cytology and 59.44 for patients with
negative cytology (P =0.002). No significant difference
between different stages, grades nor histologic type of the
tumor (Supplementary Figures 4—06)

3.5. Correlations between the RQs of the RNAs among the
3 different groups

Spearman’s correlation test was used to explore the
correlations between the RQs of the 5 biomarkers. Sig-
nificant positive correlations were noted between expres-
sion levels of pairs of RNAs, including miR-324-5p and
miR-4738-3p (P < 0.001), miR-324-5p, and FOSB
mRNA (P < 0.001), and IncRNA miR-497-HG and
RCANI mRNA (P < 0.001). Significant negative correla-
tions were observed between expression levels of miR-
324-5p and IncRNA miR-497-HG, miR-324-5p and
RCANI mRNA, miR-4738-3p and IncRNA miR-497-HG,
and miR-4738-3p and RCANI mRNA (all at P < 0.001)
(Supplementary Table 3).
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3.6. Expression of RNAs differs in matched bladder cancer
tissues and adjacent cancer-free tissues

From the 98 patients with bladder cancer, RNA levels
were compared in matched tumor and nontumor tissue sam-
ples and urine samples from 15 patients (12 malignant and
3 nonmalignant). Levels of miR-324-5p, miR-4738-3p and
FOSB mRNA were higher in tumor tissues than in nontu-
mor tissues, whereas levels of IncRNA miR-497-HG and
RCANI mRNA were lower in tumor tissues than in normal
tissues. Notably, significant positive correlations were
found between the urine and tissue levels of all 5 bio-
markers (all P < 0.05) (Supplementary Table 4).

3.7. The urinary RNA panel has high diagnostic accuracy

The RNA urine biomarkers were able to discriminate
bladder cancer from benign lesions with high accuracy,
reaching 80.1% (miR-324-5p), 81.5% (miR-4738-3p),
78.3% (IncRNA miR-497-HG), 99.3% (FOSB mRNA), and
99.3% (RCANI mRNA)). So, in this respect each RNA was
superior to cytology, which had an accuracy of 69.9%
(Table 2). Both RCANI mRNA and FOSB mRNA had very
high accuracy (99 %) and specificity (98.9%) and thus may
serve as discriminating markers for bladder cancer.
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4. Discussion

In an attempt to identify novel, reliable, noninvasive
biomarkers for diagnosis of bladder cancer, we have
combined a bioinformatics-based selection procedure
with clinical validation. The proposed ceRNA network
of 5 RNA biomarkers included a combination of
miRNA, IncRNA, and mRNA, to maximize the repre-
sentation of different regulatory processes. (Fig. 2).
Studying the interactions between the noncoding RNAs
and mRNAs in a ceRNA network might give insights
into the pathogenesis and diagnosis of bladder cancer .
Zhu et al identified 3 IncRNAs with a central role in the
progression  of  bladder  cancer; MAGI2-AS3,
ADAMTS9-AS2, and LINCO00330. They regulate the
expression of numerous bladder cancer related mRNAs
via interactions with miR-200, miR-143, miR-141, miR-
195, and miR-145, which are implicated in many path-
ways and processes such as apoptosis, cell proliferation,
tumor angiogenesis, and metastasis [20].

We found that urinary levels of miR-324-5p, miR-
4738-3p, and FOSB mRNA were upregulated in bladder
cancer, whereas IncRNA miR-497-HG and RCANI
mRNA were downregulated, compared with patients
with benign lesions and healthy controls. The sensitivi-
ties and accuracies of the RNAs were markedly higher

Table 2
Overall sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of investigated urinary biomarkers and cytol-
ogy in detecting bladder carcinoma (vs. all non-cancer cases and vs. benign cases), superficial bladder cancer and low-grade bladder cancer.

Biomarker Sensitivity Specificity PPV NPV Accuracy
Bladder cancer cases vs. all non-cancer cases

miR-324-5p 87.8% 86.7% 88.7% 87.8% 88.3%
miR-4738-3p 84.7% 80.6% 81.4% 84% 82.7%
IncRNA miR-497-HG 90.5% 83% 84.3% 89.7% 86.8%
FOSB mRNA 99% 98.9% 99% 98.9% 99%
RCANI mRNA 99% 98.9% 99% 98.9% 99%
Cytology 55.1% 100% 100% 69.0% 77.6%
Bladder cancer cases vs. benign cases

miR-324-5p 76.5% 89.6% 92.6% 64.6% 80.1%
miR-4738-3p 76.5% 93.8% 96.1% 65.2% 81.5%
IncRNA miR-497-HG 80% 87.5% 86.4% 65.5% 78.3%
FOSB mRNA 99% 100% 100% 98% 99.3%
RCANI mRNA 99% 100% 100% 98% 99.3%
Cytology 55.1% 100% 100% 52.2% 69.9%
NMIBC vs. MIBC (early vs. late stage)

miR-324-5p 49.4% 46.7% 83.7% 14.3% 49%
miR-4738-3p 48.2% 46.7% 83.7% 14.3% 49%
IncRNA miR-497-HG 49.4% 42.9% 81.6% 10.9% 47.4%
FosB mRNA 63.9% 46.7% 86.9% 18.9% 61.2%
Rcan mRNA 51.8% 46.7% 82.8% 12.5% 54.1%
Cytology 56.6% 53.3% 87% 18.2% 56.1%
Low-grade bladder cancer

miR-324-5p 58.9% 40% 72.9% 23.1% 53.1%
miR-4738-3p 58.9% 44% 75.4% 26.8% 55.1%
IncRNA miR-497-HG 64.3% 48% 76.3% 30.6% 58.9%
FosB mRNA 54.8% 48% 75.5% 26.7% 53.1%
Rcan mRNA 50.7% 44% 72.4% 22.5% 52%
Cytology 53.4% 40% 72.2% 22.7% 50%
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angiogenesis, tumor
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cell proliferation,
differentiation and
transformation

IncRNA miR-497-HG

G’R—:?EHB—BD

Fig 2. Illustration of the proposed miRNA—IncRNA—mRNA network implicated in bladder cancer. Ovals, rectangles and rhombuses represent miRNAs,
IncRNA and mRNAs respectively with blue color indicating upregulation and purple color indicating downregulation in case of bladder cancer. The solid lines
indicate interactions of miRNAs with mRNAs on one hand and with IncRNA on the other hand. The dashed line indicates the co-expression of the 2 miRNAs.

than those associated with cytology, suggesting that
these RNAs have potential as diagnostic tools.

To the best of our knowledge, no study has previously
demonstrated a diagnostic role for miR-324-5p in bladder
cancer, although it has been implicated in other types of
cancer. Notably, miR-324-5p is upregulated in colon cancer
[21] and ovarian cancer [22], and downregulated in hepato-
cellular carcinoma [23] and osteosarcoma [24]. While the
previously mentioned studies estimated the level of miR-
324-5p in cell lines, serum, tissue, or tumor exosomes, our
study was concerned particularly with its urinary level.
Urine samples are a reflection of the urinary tract and its
associated malignancies [25]. MIR-497-HG is a human
cluster host RNA gene that encodes several noncoding
RNAs, including a miRNA (miR-497) that is associated
with Parkinson’s disease, and a IncRNA transcript [26].
Being abnormally expressed in cancer, many IncRNAs may
serve as useful diagnostic biomarkers of bladder cancer
such as MALAT1 and UCA1 [27,28]. To the best of our
knowledge, no study has previously addressed the potential
diagnostic role of IncRNA miR-497-HG in malignancy,
although miR-497 has been linked to many types of cancer,
including bladder cancer (in which it is downregulated),
suggesting possible roles for miR-497 as a tumor suppres-
sor or prognostic marker [29,30]. Here, we found that uri-
nary levels of miR-324-5p were significantly higher in
patients with bladder cancer than in those with benign
lesions or in healthy controls (P < 0.001), suggesting that it
has oncogenic functions. By contrast, urinary levels of the
IncRNA transcript of miR-497-HG were significantly lower
in patients with bladder cancer (P < 0.001), and levels of

miR-324-5p and IncRNA miR-497-HG were significantly
negatively correlated (P < 0.001). These results validate
our bioinformatics network suggesting that IncRNA miR-
497-HG is modulated by miR-324-5p, that their expression
is altered in patients with bladder cancer and that the upre-
gulation of miR-324-5p leads to the downregulation of
IncRNA miR-497-HG, contributing to tumorigenesis. We
also identified upregulation of miR-4738-3p in patients
with bladder cancer, which is consistent with previous find-
ings of upregulation of this miRNA in solid tumors [31].
Similar to miR-324-5p, levels of miR-4738-3p were nega-
tively correlated with those of IncRNA miR-497-HG. Nota-
bly, in contrast to miR-324-5p, few studies have previously
addressed the role of miR-4738-3p in oncogenesis.

Our bioinformatics analysis identified RCANI mRNA
and FOSB mRNA as targets of miR-324-5p and miR-4738-
3p. Members of the regulator of calcineurin family are
endogenous proteins that interact with calcineurin and con-
trol its function by hindering calcineurin binding to the
nuclear factor of activated T cells, thereby affecting its
function as a transcription regulator. Although its role in
bladder cancer has not previously been studied, RCANI
mRNA is thought to inhibit angiogenesis in other types of
cancer, suppressing tumor growth and metastasis in thyroid
cancer [32]. Moreover, dysregulation of RCAN1 mRNA
expression has been identified in many cancer types, such
as hepatocellular carcinoma [33]. RCANs have also been
reported to act as metastasis suppressors via modulation of
PPAR-y-regulated colon-cancer-cell invasion [34].

FOSB is a member of the FOS family, and encodes a leu-
cine-zipper protein (FosB proto-oncogene, AP-1 transcription
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factor subunit) that can dimerize with proteins of the JUN
family, thereby forming the transcription factor complex AP-
1. FOS proteins have been implicated as regulators of cell pro-
liferation, differentiation, and transformation. Oncogenic roles
have been demonstrated for FOSB mRNA in promotion of
the invasiveness of tumor cells and in downregulation of
tumor-suppressor genes [35]. FOSB has been shown to be
overexpressed in tissues in hemangioendothelioma [36], and
to have an oncogenic role in MCF-7 breast cancer cells [37].
We have now shown that FOSB mRNA levels are upregulated
in the urine and tissues of patients with bladder cancer.
Notably, other members of the FOS family, c-FOS and
FRA-1 (FOS-related antigen), have also been linked to
bladder cancer [38,39].

Urinary levels of noncoding RNAs were correlated with
those of their target genes, with significant positive correla-
tions between the levels of miR-324-5p and miR-4738-3p
with FOSB mRNA, and between IncRNA miR-497-HG and
RCANI mRNA, and significant negative correlation between
miR-324-5p and miR-4738-3p with RCANI mRNA. Urinary
levels of these RNA biomarkers correlated with their expres-
sion levels in tumor tissues. Notably, all 5 biomarkers dem-
onstrated higher sensitivity, negative predictive value and
accuracy than cytology for detection of patients with bladder
cancer. FOSB mRNA and RCANI mRNA scored the highest
sensitivity, negative predictive value and accuracy among all
biomarkers with a specificity of 98.9%, almost equivalent to
cytology. Our results suggest that RCANI mRNA and FOSB
mRNA may serve as discriminating markers for diagnosis of
bladder cancer.

5. Conclusion

We assessed the differential expression of a urinary
ceRNA: IncRNA-miRNA-mRNA network for diagnosis of
bladder cancer. The network consisted of 5 RNAs, 3 of
which were noncoding, and all of which showed superior
sensitivity to cytology. The 2 mRNAs (FOS B and RCANI)
displayed the highest accuracy and potential as biomarkers
for the detection of bladder cancer.
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