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Abstract

Objective: Previous research has shown that the miR-130 family is closely related
to the occurrence and development of bladder cancer. We hope to use the miR-130
family members as new, non-invasive, and easily detectable biomarkers for bladder
cancer.

Methods: We analyzed 428 cases in The Cancer Genome Atlas-Bladder Urothelial
Carcinoma database and verified that the miR-130 family members were signifi-
cantly overexpressed in bladder cancer. A total of 74 bladder cancer patients and 90
controls were enrolled. The relative expression of the miR-130 family in serum was
detected using quantitative reverse transcription-polymerase chain reaction. The di-
agnostic efficacy of the miR-130 family members was determined using the receiver
operating characteristic method (ROC), and a diagnostic panel was built using logistic
regression. The results of the study were further confirmed in an external validation
set of 492 samples from the Gene Expression Omnibus database.

Results: The expression of the miR-130 family members (except for miR-301b-3p) in
the serum of bladder cancer patients was higher than that in the controls. The diag-
nostic capabilities for bladder cancer were 0.847 (miR-130a-3p), 0.762 (miR-130b-3p),
and 0.892 (miR-301a-3p). We established a three-miRNA panel with an area under
the ROC curve as high as 0.961, indicating that it is a promising clinical diagnostic
biomarker of bladder cancer with high sensitivity and specificity.

Conclusion: The expression levels of miR-130 family members in serum can effec-
tively distinguish the bladder cancer patients from healthy controls. This finding will

facilitate the clinical diagnosis of bladder cancer.
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1 | INTRODUCTION

Bladder cancer (BC) is one of the 10 most common tumors and the most
common malignant tumor of the urinary system, accounting for ap-
proximately 4.7% of adult malignancies.? Approximately 356 000 new
cases are recorded and 145 000 people die of BC worldwide each year.3
Unlike many other malignancies, there has been little improvement in
the diagnosis, treatment, and five-year survival rate of BC over the past
three decades.* At present, the main contradictions in the diagnosis and
treatment of BC focus on early screening and monitoring of recurrence.
The existing methods of diagnosing BC cannot meet the actual clinical
needs. Cystoscopy remains the gold standard for detecting BC. Owing
to its invasiveness, as many as 5.5% of patients may develop a urinary
tract infection after cystoscopy.> Most patients feel discomfort and
pain during the examination, and symptoms such as mild hematuria, fre-
quent urination, and dysuria appear after the examination. Long-term
frequent cystoscopy after surgery can cause considerable mental stress
to patients who are already weak. Therefore, finding new feasible diag-
nostic methods will benefit many patients with BC.

The development of BC diagnostic biomarkers has aroused sub-
stantial interest but has not yet been validated and used clinically
in subsequent studies.”® Biomarkers with high specificity and sen-
sitivity from body fluids may be useful tools for non-invasive cancer
detection.

MicroRNA (miRNA) is a group of endogenous single-stranded
non-coding RNAs. They negatively regulate gene expression by binding
to the 3’ untranslated region of the related messenger RNAs, leading
to mRNA degradation or translation inhibition.”'® Increasing evidence
has shown that miRNAs can be stably detected in circulating blood, and
circulating miRNAs have become a reliable biomarker for early screen-
ing of diseases, including tumors.'**® Members of the miR-130 family
(miR-130a-3p, MiR-130b-3p, miR-301a-3p, and miR-301b-3p) share
common seed sequences, and they perform similar biological functions.
They have been reported to promote cell proliferation and upregulation
in several types of cancer.**?° A recent study showed that the miR-130
family may play a vital role in the occurrence and development of BC
by regulating signal pathways through various target genes, including
PTEN and PTPN11.%* Nevertheless, whether they can be used as circu-
lating biomarkers for BC diagnosis has not been confirmed.

In this study, we evaluated the expression of miR-130 family
members in BC tissues and patient serum. Through statistical analy-
sis and external data set verification, we found that the expression of
serum miR-130 family members can effectively distinguish patients
from controls. We also constructed a three-miRNA panel, which

considerably improved diagnostic capabilities.

2 | MATERIALS AND METHODS
2.1 | Study design

First, we analyzed the differential expression of the miR-130 fam-
ily (miR-130a-3p, miR-130b-3p, miR-301a-3p, and miR-301b-3p) in

BC and adjacent tissues through The Cancer Genome Atlas (TCGA)
database. We then collected serum from 74 patients with BC and
90 healthy controls (HCs). The quantitative reverse transcription-
polymerase chain reaction (QRT-PCR) and spiked-in normalization
method were used to identify the expression of the miR-130 family
in serum. We evaluated the diagnosis values of the miR-130 fam-
ily as biomarkers for early detection of BC through several statisti-
cal analyses. A diagnostic panel was built by the logistic regression
model. Finally, we used a Gene Expression Omnibus dataset (includ-
ing 492 samples) as an external validation set to verify the diagnostic
capabilities of the serum miR-130 family for BC. In hopes of under-
standing their biological mechanism in tumorigenesis and develop-
ment, we performed bioinformatics analyses, including target gene
prediction and enrichment analysis. The flowchart of this study is

shown in Figure 1.

2.2 | Participants and ethics statement

A total of 164 participants, including 74 BC patients and 90 HCs,
were recruited for serum samples from Peking University Shenzhen
Hospital between June 2017 and July 2019. Histological classifica-
tion was based on World Health Organization standards. Staging
was confirmed according to the TNM staging system. To select HCs,
we used asymptomatic healthy volunteers with no history of cancer
or other benign diseases. These HCs were matched to BC patients
based on age and gender. Table 1 lists the demographic and clinical
characteristics of the participants. There were no significant differ-
ences in age or gender distributions between BC patients and HCs
(P-value > .05). Participants gave their informed consent before sam-
ple collection. The study was conducted following the Declaration of
Helsinki, and the Ethics Committee of Peking University Shenzhen
Hospital approved the protocol of the study. The serum sample col-
lection process complied with the relevant regulations formulated

by the committee.

2.3 | miRNA-sequencing data and microarray data
acquisition

The miRNA-sequencing data for Bladder Urothelial Carcinoma
(BLCA) were downloaded from TCGA database. The BLCA miRNA
data included 19 normal bladder epithelial tissues, 409 bladder
urothelial carcinoma tissues, with eight repeated cancerous ones
excluded. The clinical information of the patients was also acquired
from TCGA data portal. Serum miRNA expression profiles, GSE11
3486, were downloaded from the Gene Expression Omnibus da-
tabase. GSE113486 contains 972 serum samples, which consist of
392 BC, 100 non-cancer controls, and 480 other types of cancer
patients. The expression data and clinical information of BC patients
and normal controls were used in this study. The platform of the
dataset was GPL21263 Toray Industries. The probes were converted

into the corresponding miRNA symbols according to the annotation
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FIGURE 1 The flowchart of the study design. BLCA: bladder
urothelial carcinoma; ROC: receiver operating characteristic

information on the platform. All miRNA expression data were stand-
ardized and subjected to log2 transformation before further analysis.

2.4 | Sample collection and RNA extraction

For the serum preparation, 10 mL peripheral blood of each partici-
pant was collected before any treatment. Within 2 hours, the pe-
ripheral blood was centrifuged at 1000 g for 10 minute and 15000 g
for 5 minutes at 4°C. We used 4 mL of supernatant (serum) in each
sample for subsequent experiments. To control variability in the
extraction and purification process, 2 uL of 10 nmol/L synthetic
Caenorhabditis Elegans miRNA-39 (RiboBio, Guangzhou, China) was
spiked into each serum sample ahead of the procedure. Total RNA
was extracted from serum using a TRIzol LS isolation kit (Thermo
Fisher Scientific) according to the manufacturer's instructions.

Total RNA was resuspended with 30 uL RNase-free water and

WILEY--2

TABLE 1 Demographic and clinical characteristics of 164
participants enrolled in the study

BC patients HCs

Total number 74 90
Age (Mean + SD) 63.8 +13.5 56.6 + 13.1
Gender (%)

Male 54 (73.0) 42 (46.7)

Female 20(27.0) 48 (53.3)
Tumor stage (%)

TaNOMO 26 (35.1)

TINOMO 30 (40.5)

T2NOMO 13(17.6)

>pT3 5(6.8)
Pathological grade (%)

Low grade 35 (47.3)

High grade 39 (52.7)

Abbreviations: BC: bladder cancer; HCs: healthy controls.

stored at -80°C for further analysis. The concentration and purity
of RNA were analyzed using a NanoDrop 2000 spectrophotometer
(NanoDrop).

2.5 | gRT-PCR

The amplification of miRNAs was conducted using specific prim-
ers of reverse transcription from the Bulge-Loop miRNA gRT-PCR
Primer Set (RiboBio, Guangzhou, China). The real-time polymerase
chain reaction was performed by using an SYBR Green gPCR kit
(SYBR Pre-mix Ex Taq Il, TaKaRa) on a LightCycler 480 Real-Time
PCR System (Roche Diagnostics, Mannheim, Germany) in 384-well
plates at 95°C for 30 seconds, followed by 35 cycles of 95°C for
10 seconds, 60°C for 20 seconds, and then 70°C for 10 seconds.
The specificity of the PCR product was tested by melting curve
analysis. All reactions were performed in triplicate or more. The
relative expression levels of target miRNAs were determined by
using the 2722t method?? and normalized to the spiked-in control
cel-miR-39.

2.6 | Bioinformatic analysis

To identify the functional involvement of the miR-130 family in
BC, we predicted a list of miRNA targets in miRWalk2.0 (http://
zmf.umm.uni-heidelberg.de/mirwalk2), a comprehensive archive
of predicted and experimentally verified miRNA-target interac-
tions.?® In general, 12 servers with miRWalk, miRMap, MicroT4,
miRNAMap, TargetScan, PICTAR2, miRBridge, PITA, miRanda,
RNAhybrid, miRDB, and RNA22 were performed. Only the genes
predicted by more than eight of the servers were recognized as

target genes. Functional annotation and enrichment analysis for
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predicted target genes were conducted by Enrichr database (http://
amp.pharm.mssm.edu/Enrichr/).2* Gene Ontology annotation (GO)
and Kyoto Encyclopedia of Genes And Genomes (KEGG) pathway

analysis were included in this study.

2.7 | Statistical analysis

Demographic and clinical characteristics among different groups
were presented as count numbers with percentage or mean
value + standard deviation. Multiple comparisons among separate
independent phases were conducted using the Kruskal-Wallis rank
test. The different expression levels of each miRNA between serum
samples of BC and HCs and between serum samples of high-grade
and low-grade BC patients were analyzed by a Student's t test or

the Mann-Whitney test. The different expression levels of each

miR-130b-3p

FIGURE 2 Expression profiles of miR-
130 family members in bladder cancer
tissues. Data were downloaded from The

p<0.0001 Cancer Genome Atlas database, including
P 19 para-carcinoma tissues (P), 409 bladder
urothelial carcinoma tissues (C). TPM:
; Transcripts Per Kilobase of exonmodel per
H Million mapped reads

miR-301b-3p

p<0.5252
e

miRNA in the serum of patients with different stages were assessed
by applying an analysis of variance (ordinary or Welch's) followed
by a multiple comparison test (Tukey's or Games-Howell's multiple
comparison test) to compare the mean of each stage with the mean
of every other stage. Multiple logistic regression analysis was per-
formed to set up the miRNA signature. The calibration was evaluated
by the Hosmer-Lemeshow goodness-of-fit test. Receiver operating
characteristic (ROC) curves and the area under the ROC curve (AUC)
were used to estimate the diagnostic value of miRNAs. The opti-
mal sensitivity and specificity were determined by the Youden index
(calculated as J = Sensitivity +Specificity - 1). The diagnostic panels
were built by the stepwise logistic regression model. All statistical
analyses were performed using SPSS software (Version 20, Chicago,
IL, USA), GraphPad Prism (Version 8, La Jolla, CA, USA), and Medcalc
(Version 19, Ostend, Belgium). A P-value of less than .05 was defined
as statistically significant.
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3 | RESULTS

3.1 | Expression of miR-130 family members in BC
tissues

We downloaded BLCA miRNA-isoform sequencing data from TCGA
database. A total of 19 normal bladder epithelium and 409 BC epi-
thelial miRNA-sequencing data were included. As shown in Figure 2,
three members (miR-130a-3p, miR-130b-3p, and miR-301a-3p) of
the miR-130 family were highly upregulated in BC tissue, and the
results were statistically significant. We found no difference in the
expression of miR-130 in BC and normal tissues. The result shows
that the miR-130 family may play a carcinogenic role in BC and may
serve as diagnostic biomarkers for BC.

3.2 | Expression and diagnostic efficacy of miR-130
family members in the serum of BC patients

Using the gRT-PCR method, we detected relative expression levels of
the miR-130 family of the preoperative serum of 74 BC patients and
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the serum of 90 HCs. The expression of miR-130a-3p (Figure 3A),
miR-130b-3p (Figure 3C), and miR-301a-3p (Figure 3E) in the serum
of patients with BC was significantly higher than that in normal
human serum. The expression level of miR-301b-3p (Figure 3G) was
not different between the two groups of samples. Through ROC
analysis, we could see the sensitivity and specificity of miR-130 fam-
ily members to distinguish the two groups of samples at different
cutoff values. The AUCs were 0.847 (Figure 3B), 0.762 (Figure 3D),
0.892 (Figure 3F), and 0.707 (Figure 3H) for miR-130a-3p, miR-130b-
3p, miR-301a-3p, and miR-301b-3p, respectively.

3.3 | The combination of miR-130 family members
becomes credible BC diagnostic biomarker

One single miRNA could be used to distinguish BC patients from
HCs, a combination of several miRNAs might provide higher ac-
curacy than individual miRNAs. Therefore, we combined the ex-
pression data of three miR-130 family members (miR-130a-3p,
miR-130b-3p, and miR-301a-3p), building a diagnostic panel by
the stepwise logistic regression model. We found that the AUC for
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FIGURE 3 Expression and diagnostic efficacy of miR-130 family members in the serum of bladder cancer patients. The expression

of (A) miR-130a-3p, (C) miR-130b-3p, and (E) miR-301a-3p in the serum of patients is significantly higher than that in control serum. The
expression level of (G) miR-301b-3p was not different between the two groups. The AUCs were (B) 0.847, (D) 0.762, (F) 0.892, and (H) 0.707
for miR-130a-3p, miR-130b-3p, miR-301a-3p, and miR-301b-3p, respectively. HCs group includes serum of 90 healthy controls and BC group
includes serum of 74 patients. ROC: receiver operating characteristic; AUC: area under the ROC curve
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the three-miRNA panel was 0.961 (95% confidence interval: 0.935
to 0.986; sensitivity = 87.8%, specificity = 93.3%; Figure 4). The
model had a Hosmer-Lemeshow P-value of 0.2 suggesting an ad-
equate calibration. The model was calculated with the following
formula:

Logit(P)=12.79 - 3.16 X €XPpyir-130a-3p — 3-01 X €XPryir_130b-3p

—3.86 X €XPryir—301a-3p

3.4 | External validation of miR-130 family
expression in serum of BC patients

We used GSE113486 as the external validation set for this experi-
ment, which has 392 BC serum samples and 100 control serum
samples. Figure 5 shows the signal intensity of each miR-130 fam-
ily member in the two groups of samples. Because of the sensi-
tivity of gene microarray detection and the low titer of miRNA
expression in serum, many undetected cases of miR-130 family
members occurred both in the tumor group and the control group.
However, this situation did not greatly affect the results. The
signal intensity of miR-130a-3p (2.725 fold change, Figure 5A),
miR-130b-3p (2.134 fold change, Figure 5B), and miR-301a-3p
(2.363 fold change, Figure 5C) in the serum of BC patients was
significantly higher than that in the control group. No difference
in signal intensity of miR-130b-3p (Figure 5D) was found in the
two groups.

three-miRNA panel
100 oo i ; :

"!"""‘-‘i::‘ o

Sensitivity: 878 | |
80} y o
| | | Specificity: 93.3
| i Criterion: <0.4697
(G0 E

T

Sensitivity (%)

20[| i

[AUC = 0.961
P < 0.001

PRI R T .

0 20 40 60 80
100-Specificity (%)

100

FIGURE 4 ROC results for the three-miRNA panel (miR-130a-
3p, miR-130b-3p, and miR-301a-3p). The AUC of the panel is 0.961
(95% ClI: 0.935 to 0.986; sensitivity = 87.8%, specificity = 93.3%)

3.5 | The expression of miR-130 family members
in the serum of BC patients with different
stages and grades

In order to understand the relationship between the serum expres-
sion level of miR-130 family members and the BC tumor stage/
grade, we conducted further data analysis. In our study cohort,
there were 26 TaNOMO patients, 30 TINOMO patients, 13 T2NOMO
patients, and 5 pT3 2 5 patients. A total of 35 patients with low-
grade BC and 39 patients with high-grade BC were included. As
shown in Figure 6A and 6C, the expression levels of miR-130a-3p
and miR-301a-3p were significantly correlated with tumor stage.
Their expression in the serum of patients with early-stage tumors
was significantly lower than that of patients with advanced-stage
tumors. The serum expression levels of miR-130b-3p (Figure 6B) and
miR-301b-5p (Figure 6D) had no relationship with tumor stage. Next,
we analyzed the serum expression of the miR-130 family in BC pa-
tients with different pathological grades. As shown in Figure 6E-6H,
the miR-130 family was more expressed in the serum of high-grade
BC patients than in low-grade patients. Notably, the expression level
of miR-301a-3p (Figure 6G) was significantly different between the

two groups of patients.

3.6 | Bioinformatics analysis of candidate miRNAs

From miRWalk2.0, a total of 632 genes targeted by miR-130 fam-
ily members were predicted by nine algorithms or more. Next, we
mapped them into the Enrichr database for GO functional annota-
tion and KEGG pathway enrichment analysis. The biological process,
cellular component, and molecular function were included in the
GO functional annotation. A variety of GO terms were discovered,
and the top 10 enriched GO terms in each GO item are shown in
Figure 7A-C, including negative regulation of transcription, DNA-
templated (GO:0 045 892), negative regulation of gene expression
(GO:0 010 629), negative regulation of cellular macromolecule bi-
osynthetic process (GO:2 000 113) in the biological process cate-
gory; early endosome (GO:0 005 769), chromatin (GO:0 000 785),
centrosome (GO:0 005 813) in the cellular component category;
and transcription regulatory region DNA binding (GO:0 044 212),
phosphatase binding (GO:0 019 902), core promoter proximal region
sequence-specific DNA binding (GO:0 000 987) in the molecular
function category. The KEGG pathway analysis for the target genes
demonstrated that they were significantly enriched in BC, pathways
in cancer, endocytosis, TGF-beta signaling pathway, and FoxO sign-
aling pathway (Figure 7D).

4 | DISCUSSION

Early diagnosis and screening of BC are closely related to patient
prognosis and quality of life. Finding new feasible diagnostic
methods will benefit many patients with BC. Circulating miRNA
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FIGURE 5 External validation of miR-130 family expression in serum of bladder cancer patients. The signal intensity of (A) miR-130a-3p
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screening is a novel and widely available diagnostic tool, espe-
cially due to its non-invasive nature. However, only a few stud-
ies examined circulating miRNA from BC patients as diagnostic
biomarkers.?>3° These studies usually recommend miRNA panels
consisting of four to ten different miRNAs for BC diagnosis. The
disadvantage of these studies is that the source of the miRNA de-
tected is difficult to clarify. It is possible that the miRNA biomark-
ers are BC-specific, or common in patients with the disease, or
even secreted by the human coagulation system. For example, a
study claimed that miR-92a-3p was differentially expressed in the
blood of BC patients,30 but the main limitation is that miR-92a-
3p can also be detected in red blood cells.®! Therefore, a highly
specific BC diagnostic biomarker must be secreted by BC cells and
have certain physiological functions. Another constraint is that
in most studies, the number of samples examined is limited, and
only single-center studies have been conducted. In the process of
searching for new markers, it is critical to confirm the clinical avail-
ability of the markers in multicenter studies.®?

In this study, we focused on the miR-130 family. The human miR-
130 family has four members who share a common seed sequence.®®
Different studies have shown that miR-130a-3p is involved in dif-
ferent tumor pathogenesis, including esophageal adenocarcinoma,’
hepatocellular carcinoma,®* gastric cancer,®® and ovarian carci-
noma.3¢ miR-130b-3p also plays a role in tumorigenesis and develop-
ment, such as endometrial cancer®” and non-small cell lung cancer.'®
Research on miR-301a-3p and miR-301b-3p has focused on pancre-
atic,®® colorectal,®” hepatocellular,*® and lung cancer.’” These miR-
NAs are upregulated and play a pro-cancer role in many cancers,
and high expression in tumor tissues is often associated with poor

prognosis.

A previous study has shown that the miR-130 family promotes
cell migration and invasion in BC by regulating PTEN phosphorylation
through FAK and Akt phosphorylation.?* However, there are no stud-
ies on the clinical application of miR-130 family members in the diag-
nosis and treatment of BC. We put forward that it is possible to use the
miR-130 family in serum as biomarkers to distinguish BC patients from
healthy people. The results of our study are satisfactory. We analyzed
TCGA-BLCA data and found that in addition to miR-301b-3p, other
members of the miR-130 family were significantly overexpressed in
BC tissue, which confirmed the results of previous studies. We then
tested sera from 164 BC patients and controls. It was found that the
above three members were also significantly enriched in the serum of
BC patients, and the fold changes were all more than two times. ROC
analysis showed that their AUCs as biomarkers were all above 0.75.
Combining them with logistic regression, we built a three-miRNA
panel. The AUC of the panel was as high as 0.961, indicating that it had
an excellent clinical diagnosis ability for BC. The subsequent external
data validation (492 cases) also confirmed the reliability of our study.
We also divided patients into several groups according to different
clinical stages and pathological grades. It was found that the miR-130
family was expressed more in the serum of high-grade BC patients,
and the expression levels of miR-130a-3p and miR-301a-3p were sig-
nificantly correlated with tumor stage. GO enrichment analysis and
KEGG pathway analysis of miR-130 family downstream target genes
also showed that miR-130 family was involved in the occurrence and
development of BC.

Although our findings are meaningful, they have certain lim-
itations. The serum used in this study was taken from patients be-
fore surgery. We have found the clinical value of miR-130 family

members in the diagnosis of BC, but their ability to predict the
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prognosis of BC remains to be studied. Patients in this study will
be followed-up regularly to obtain prognostic data. Moreover, the
number of patients in this study is relatively small, and multicenter
verification is needed.

In conclusion, we found that miR-130 family expression was
significantly upregulated in the BC tissue and serum of BC patients
compared to that in the healthy controls. We evaluated their ability
to diagnose BC, with miR-130a-3p, miR-130b-3p, and miR-301a-3p
being the most prominent. We found that the combined use of these
miRNAs can increase the diagnostic value. The serum three-miRNA
panel can be considered as a new non-invasive biomarker for early

screening and diagnosis of BC.
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