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Abstract. A number of studies has shown that long non‑coding 
RNAs (lncRNAs), microRNAs (miRNAs) and protein coding 
genes (PCGs) are involved in various pathophysiological 
processes and can be used as prognostic biomarkers in cancer 
patients. The purpose of this study was to find a multidimen-
sional transcriptome signature to predict clinical outcomes in 
bladder cancer. Using Cox's proportional hazards regression 
analysis and the random survival forest algorithm, we mined the 
expression profile data of 239 bladder cancer patients derived 
from The Cancer Genome Atlas (TCGA) public database. A 
signature comprised of two PCGs (ACADS and C1QTNF9B), 
two lncRNAs (RP11‑60L3.1 and CTD‑3195I5.3) and two 
microRNAs (has‑miR‑3913‑1 and has‑miR‑891a) with highest 
accuracy prediction (AUC=0.79 in the training dataset and 0.64 
in the test dataset) was selected. The signature had an ability to 

stratify patients into high‑ and low‑risk groups with significantly 
different survival rates (median 16.9 vs. 54.9 months, log‑rank 
test P<0.001) in the training dataset, and its performance was 
validated for risk stratification in the test dataset (median 18.2 
vs. 58.9 months, log‑rank test P=0.002). Multivariable Cox 
regression analysis revealed that the signature was an inde-
pendent prognostic factor for patients with bladder urothelial 
carcinoma (BLCA). A comparison of tumour node metastasis 
(TNM) stage and the signature indicated that the signature 
had better survival prediction power (AUCsignature=0.79/0.64 
vs. AUCTNM=0.67/0.60, P<0.05). Functional analyses indi-
cated that these prognostic genes from the signature may 
be involved in tumourigenesis‑related biological processes 
and pathways. In conclusion, the multidimensional 
PCG‑lncRNA‑microRNA signature can be a novel prognostic 
marker to predict the survival of bladder cancer patients.

Introduction

Bladder cancer, prevalent in men over 65  years old, is a 
globally common urinary tract malignancy  (1). Generally, 
bladder cancer refers to bladder urothelial carcinoma (BLCA), 
and BLCA accounts for 90% of bladder cancers. According 
to studies by the American Cancer Society, 96% of bladder 
cancer in situ patients survive 5 years or more. Hence, the 
prognosis of patients with bladder cancer is better than that 
of patients with other malignant tumours such as pancreatic 
carcinoma, lung cancer, hepatocellular carcinoma or oesopha-
geal cancer. However, a high recurrence rate and tumour 
progression makes the prognosis of bladder cancer patients 
worse. Thus, the five‑year survival rate of bladder cancer 
decreases to 5‑70% (2). Currently, tumour node metastasis 
(TNM) classification and pathological grade are widely used 
clinically to plan treatment and predict prognosis. However, 
they are indicators at a population level, incapable of precisely 
predicting individual clinical outcomes (3). In clinical practice, 
the individual clinical outcome is considered more meaningful 
to guide clinical therapy and evaluate prognosis, if we know 
this personal information in advance, including disease recur-
rence risk, therapeutic response and overall survival (OS). 
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Therefore, new prognostic and predictive biomarkers are 
urgently needed for bladder cancer patients.

Due to The Cancer Genome Atlas (TCGA) public database 
collecting a broad range of bladder cancer gene expression data, 
TCGA data mining has become an important tool for molecular 
analysis, such as tumour molecular subtyping and diagnostic or 
prognostic biomarker screening. By analysing gene expression 
profiles, a large number of new molecular biomarkers at the 
transcriptome level have been identified. Accordingly, studies 
on prognosis biomarkers of bladder cancer in recent years 
are primarily based on RNA expression. Long non‑coding 
RNAs (a group of non‑protein‑coding transcripts longer than 
200 nucleotides) and microRNAs (a class of small non‑coding 
RNAs that have potential in RNA silencing) have been demon-
strated to play essential roles in regulating gene expression at 
the transcriptional or post‑transcriptional level and have prog-
nostic value in multiple tumours (4‑8). Concerning bladder 
cancer, accumulative studies have revealed the potential of 
lncRNAs or miRNAs as prognostic markers. The lncRNA 
HOTAIR has been demonstrated by Shang et al as an inde-
pendent prognostic biomarker of overall survival in bladder 
transitional cell carcinoma patients (9). It was identified by 
Wu et al (10) that high tissue metastasis associated with lung 
adenocarcinoma transcript 1 (MALAT1) level was associated 
with an inferior clinical outcome in various cancers, including 
bladder cancer. Furthermore, Ratert et al (11) screened out 
and validated 15 bladder cancer‑specific miRNAs, among 
which miR‑141 and miR‑205 were related to the overall 
survival time. miR‑31, miR‑100 and miR‑145 were reported 
to be independent prognostic factors in patients with bladder 
cancer (12‑14). Since the prognostic factors of bladder cancer 
are complex and collectively profiled lncRNAs or microRNAs 
have demonstrated considerable prognostic power, current 
studies are focused on prognostic signatures or combinations 
of multi‑lncRNAs or multi‑microRNAs. Dong et al performed 
a comprehensive analysis of 234 BLCA patients and demon-
strated that a four‑lncRNA (AC005682.5, CTD‑2231H16.1, 
CTB‑92J24.2 and RP11‑727F15.13) signature could be a novel 
independent biomarker for predicting the survival of patients 
with BLCA (15). Zhou et al (16) identified an eight‑miRNA 
signature, including three upregulated (miR‑141, miR‑200c 
and miR‑21) and five downregulated (miR‑145, miR‑125, 
miR‑199a, let‑7c and miR‑99a) miRNAs that could predict 
overall survival (OS) of bladder cancer. A four‑miRNA 
(miR‑422a‑3p, miR‑486‑3p, miR‑103a‑3p and miR‑27a‑3p) 
signature was developed, and its considerable predictive 
potential was verified for muscle‑invasive bladder cancer (17).

Compared with lncRNAs or microRNAs, protein‑coding 
gene transcripts or mRNA levels directly reflect the gene 
expression level, and some studies have confirmed that PCGs 
can predict bladder cancer patient survival. For example, 
Mitra et  al  (18) identified a gene signature comprised of 
JUN, MAP2K6, STAT3 and ICAM1 that could predict the 
clinical outcome of bladder cancer patients. Another study 
found that a 24‑gene hypoxia signature demonstrated strong 
and independent prognostic and predictive value for muscle 
invasive bladder cancer patients (19).

In conclusion, lncRNAs, microRNAs and PCGs can 
be prognostic markers of bladder cancer. However, there 
are no studies that explore the role of a multidimensional 

transcriptome signature combining lncRNAs and microRNAs 
with PCGs in bladder cancer. In the present study, we inves-
tigated the clinical value of a PCG‑lncRNA‑microRNA 
signature by mining the expression profiles of 239 bladder 
cancer patients.

Materials and methods

lncRNA, microRNA and mRNA expression data of BLCA 
patients. We downloaded microRNA (Illumina HiSeq 
microRNA Seq) and mRNA (Illumina HiSeq RNA Seq V2) 
level 3 expression data and corresponding clinical information of 
BLCA patients from the TCGA portal (https://genome‑cancer.
ucsc.edu/proj/site/hgHeatmap/). lncRNA expression data were 
obtained from the TANRIC database (http://ibl.mdanderson.
org/tanric/_design/basic/index.html). Genes with missing 
expression values in >30% of samples or patients were 
removed, and the remaining missing values were entered by the 
k‑nearest neighbour method. Genes whose RPKM expression 
values were 0 in all samples were excluded (20). Following 
these steps, we obtained a total of 239 bladder cancer patients 
or samples for the present study. Since the data were obtained 
from TCGA, further approval by an Ethics Committee was 
not required. The present study met the publication guidelines 
provided by TCGA (http://cancergenome.nih.gov/publications/
publicationguidelines).

Construction of a prognostic PCG‑lncRNA‑microRNA signa‑
ture in the training dataset. We used univariate Cox proportional 
hazards regression analysis to assess the relationship between 
the gene expression of lncRNAs, microRNAs and PCGs and 
patient OS in the training dataset. Considering that a smaller 
number of lncRNAs, microRNAs and PCGs in the model 
render the model more practical, we used the random survival 
forests‑variable hunting (RSFVH) algorithm to filter out genes 
until three lncRNAs, three microRNAs and three PCGs were 
screened out (21).

Subsequently, in order to further screen prognostic genes 
with better predictive power, we performed a multivariable 
Cox regression analysis and developed a model to estimate 
prognosis risk as follows:

	 Risk Score (RS) = ∑N
i=1 (Expi * Coei)

where N is the number of prognostic lncRNAs, microRNAs or 
PCGs; Expi is the expression value of lncRNAs, microRNAs 
or PCGs; and Coei is the estimated regression coefficient of 
lncRNAs, microRNAs or PCGs in the multivariable Cox 
regression analysis. Each patient then obtained 511  risk 
scores since three lncRNAs, three microRNAs and three 
PCGs could form 29‑1=511 combinations or signatures. The 
time‑dependent receiver operating characteristic (ROC) 
curve was used to compare the sensitivity and specificity of 
the survival prediction risk score of the 511 signatures in the 
training dataset. AUC were calculated from the ROC curve. 
By comparing the AUC values, we constructed the prognostic 
PCG‑lncRNA‑microRNA signature in the training group.

Statistical analysis. We used the median risk score in the 
training dataset as a cut‑off value (22), and the BLCA patients 
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were divided into high‑ and low‑risk groups. The estimation 
of survival time and comparison of survival curves of the 
high‑ and low‑risk groups were obtained with the Kaplan‑Meier 
survival analyses, and statistical significance was assessed 
using the two‑sided log‑rank test. We then validated the prog-
nostic performance of the PCG‑lncRNA‑microRNA signature 
in the test dataset by the Kaplan‑Meier survival analysis and 
ROC values. We compared the survival prediction power of 
the PCG‑lncRNA‑microRNA signature with TNM stage by 
the ROC values. Furthermore, multivariable Cox regression 
analysis and data stratification analysis were performed to 
assess whether the PCG‑lncRNA‑microRNA signature was an 
independent prognostic factor within the available data. P<0.05 
was considered to indicate a statistically significant differ-
ence. All analyses were performed using the R programme 
(www.r‑project.org), including packages named pROC, survival 
and randomForestSRC downloaded from Bio‑conductor.

Function prediction of the selected prognostic lncRNAs, 
microRNAs and PCGs. The co‑expressed relationships between 
the selected prognostic genes (2 lncRNAs, 2 microRNAs and 
2 PCGs) and protein‑coding genes in BLCA patients were 
computed using Pearson correlation coefficient visualized 
by Cytoscape. Gene Ontology (GO) and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) enrichment analyses of the 
co‑expressed protein‑coding genes were then performed to 
predict their biological function. GO analysis was performed 
in the ClueGo of the Cytoscape plugin (version 3.2.3) (23,24), 
which is a commonly used functional annotation tool that can 
assess over‑representation of functional categories among a 
gene set of interest. Enrichment analysis was performed using 
the functional annotation chart and functional annotation 
clustering options and was limited to GO terms and KEGG 
pathways in the ‘Biological Process’ categories. Functional 
annotation with P<0.05 was considered significant.

Results

Patient characteristics and expression profiles. Expression 
profiles and corresponding clinical data of 239 (out of 411) 
patients diagnosed with BLCA were downloaded from TCGA 
database, and 172 (out of 411) patients with missing clinical 
data were not included in the present study. The median age of 
the enrolled patients was 69 years (60‑76 years). Of the BLCA 
patients, 235 were stage I, Ⅱ, Ⅲ and Ⅳ disease, and the stage of 
4 patients was unknown. Other clinical information of patient 
characteristics is summarized in Table I. Simultaneously, the 
expression values of 6,603  lncRNAs, 429 microRNAs and 
14,644 PCGs for the BLCA patients were obtained after elimi-
nating low‑expression genes, and missing expression values 
were removed as described in the Materials and methods. 
All of these gene expression values were log2 transformed. 
Subsequently, we divided the dataset randomly into two groups 
(training dataset, n=119; test dataset, n=120) to explore and 
validate the prognostic PCG‑lncRNA‑microRNA signature 
of the BLCA patients. The selection process of the prognostic 
PCG‑lncRNA‑microRNA signatures is displayed in Fig. 1.

Identification of three prognostic lncRNAs, microRNAs and 
mRNAs from the training dataset. We used the training dataset 

to select the prognostic genes. Firstly, using survival time and 
clinical outcome as the dependent variable, we performed 
univariate Cox proportional hazards regression analysis of 
all of the lncRNAs, microRNAs and PCGs expressed in the 
training dataset and identified a 2,974‑gene set including 
568 lncRNAs, 77 microRNAs and 2,339 PCGs, which were 
significantly correlated with patient OS (P‑value <0.05, data 
not shown). To visually display these selected genes, we drew a 
volcano plot using the univariate Cox coefficient as the x‑axis 
and ‑log10 (P‑value) as the y‑axis. As displayed in Fig. 2A, 
blue dots in the volcano plot represent the 2,974 genes with 
significant differences (P<0.05), and red dots represent the 
remaining genes with no significant differences. Secondly, 
we further screened the prognostic genes from the above 
2,974 genes using a random forest supervised classification 
algorithm, and three lncRNAs (RP11‑60L3.1, CTD‑3195I5.3 
and TMC4), three microRNAs (hsa‑miR‑3913‑1, hsa‑miR‑891a 
and hsa‑mir‑1976) and three PCGs (ACADS, C1QTNF9B and 
HP) strongly related to patient survival were screened out 
according to the permutation important score by the random 
survival forests‑variable hunting (RSFVH) algorithm.

Construction of the prognostic PCG‑lncRNA‑microRNA 
signature in the training dataset. Three lncRNAs, three 
microRNAs and three PCGs formed 511 combinations or 
signatures, and each combination had a risk score according 
to the risk score model constructed in the Materials and 
methods. To select a signature with the biggest prediction 
power from these 511 combinations in the training dataset, 
we performed 511  time‑dependent ROC analyses using 
the patient survival statuses and signature risk scores as 
variables and compared their areas under the respective 
ROC curves (AUC) (data not shown). Among them, the 
PCG‑lncRNA‑microRNA combination comprised of ACADS, 
C1QTNF9B, RP11‑60L3.1, CTD‑3195I5.3, has‑miR‑3913‑1 
and has‑miR‑891a with the max AUC was screened out 

Table I. Patient demographics and clinical characteristics.

Characteristics	 Training set	 Testing set	 Total

pTNM stage
  Unknown	 3	 1	 4
  stage Ⅰ	 1	 1	 2
  stage Ⅱ	 28	 48	 76
  stage Ⅲ	 34	 46	 80
  stage Ⅳ	 53	 24	 77
Vital status
  Living	 76	 82	 158
  Dead	 43	 38	 81
Sex
  Female	 32	 25	 57
  Male	 87	 95	 182
Age (years)
  >69	 47	 52	 99
  ≤69	 72	 68	 140
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(Fig.  2B  and Table  II). The risk score model comprised 
of ACADS, C1QTNF9B, RP11‑60L3.1, CTD‑3195I5.3, 
has‑miR‑3913‑1 and has‑miR‑891a was as follows: Risk score 
=  (‑0.59  x  expression value of  ACADS) + (0.47  x  expres-
sion value of C1QTNF9B) + (0.11  x  expression value of 
RP11‑60L3.1) + (‑1.54 x expression value of CTD‑3195I5.3) 
+ (‑0.46 x expression value of hsa‑miR‑3913‑1) + (0.38 x expres-
sion value of hsa‑miR‑891a). The AUC of the selected 
PCG‑lncRNA‑microRNA signature in the training group was 
0.79, demonstrating its good survival prediction performance.

Validation of the selected PCG‑lncRNA‑microRNA signature 
for survival prediction in the training and the test dataset. In the 
training dataset, the selected PCG‑lncRNA‑microRNA signa-
ture gave each patient a risk score with the prognostic model 
and divided patients into a high‑risk group (n=60) and low‑risk 
group (n=59). The median risk score was used as the cut‑off 
point. Then, Kaplan‑Meier survival analysis was performed to 
compare the overall survival rates of the two groups of patients. 
Patients in the high‑risk group had significantly shorter OS 
than those in the low‑risk group (median survival: 16.9 months 
vs. 54.9 months, log‑rank test P<0.001; Fig. 3A). The 5‑year OS 
rate of the patients in the high‑risk group was <11%, while that 
of the patients in the low‑risk group was >60%.

To validate the prognostic prediction power of the signature, 
the same prognostic risk score model obtained from the training 
dataset was used to calculate the PCG‑lncRNA‑microRNA 
signature‑based risk scores of 120 patients in the test dataset. 
Similarly, the test dataset was divided into two groups using the 
same median cut‑off point obtained from the training dataset: 
one group with a high risk and the other group with a low risk. 

Figure 2. Identification of the prognostic PCG‑lncRNA‑microRNA signature 
in the training dataset. (A) Univariate Cox proportional hazards regression 
analysis of the lncRNAs, microRNAs and PCGs expression profile data in 
the training dataset. (B) The prognostic signature with the biggest prediction 
power was screened out. Important scores to filter genes and the accuracies 
of all 511 signatures were calculated, and the nine highest accuracies for 
k=1, 2……9 are shown in the plot. 

Figure 1. Schedule of the present study. The order of the analyses to construct the signature risk score model and validate its prognostic power.
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Kaplan‑Meier curves for the high‑ and low‑risk groups in the 
test dataset are displayed in Fig. 3B. Similar to the results 
of the training dataset, the OS rate of the high‑risk group in 
the test dataset was significantly lower than that of the low‑risk 
group (median survival: 18.2 months vs. 58.9 months, log‑rank 
test P=0.003). The OS rate of the patients in the high‑risk group 
was ~19% at 5 years in contrast to 45% in the low‑risk group.

The selected PCG‑lncRNA‑microRNA signature is 
an independent prognostic factor. To obtain a better 
understanding of the clinical significance of the PCG‑
lncRNA‑microRNA signature in BLCA patients, we correlated 
the signature to a series of clinicopathological parameters in 
the training groups (n=119). As displayed in Table III, there 

Table III. Association of the PCG‑lncRNA‑microRNA signa-
ture with clinicopathological characteristics in BLCA patients  
(training group, n=119).

	 PCG‑lncRNA signature
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Low riska	 High riska	 P‑value 

Age			   0.76
  >69	 28	 19
  ≤69	 32	 40
Sex			   1.00
  Female	 16	 16
  Male	 44	 43
Pathologic M			   0.84
  M0	 32	 31
  M1	 1	 2
  MX	 27	 26
Regional lymph nodes			   0.01
  N0	 32	 21
  N1	 5	 12
  N2	 12	 21
  N3	 1	 3
  NX	 10	 2
Primary tumor			   0.11
  T1	 1	 0
  T2	 15	 14
  T3	 26	 37
  T4	 10	 6
  TX	 8	 2
pTNM stage			   0.02
  I	 1	 0
  II	 19	 9
  III	 20	 14
  IV	 18	 35
  stage X	 2	 1

aLow risk ≤median of risk score, High risk >median of risk score; 
Chi‑square test, P<0.05 was considered significant. Stage  X, 
unknown stage.
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was an association between the PCG‑lncRNA‑microRNA 
signature and clinicopathological variables, including regional 
lymph nodes and TNM stage (Chi‑square test, P<0.05).

To assess whether the PCG‑lncRNA‑microRNA signa-
ture was an independent risk factor for survival prediction, 
multivariable Cox regression analysis was performed using 
the PCG‑lncRNA‑microRNA signature‑based risk score 
and other clinical features as covariates. The P‑values of the 
prognostic signature in multivariable Cox regression analysis 
from the training datasets was <0.05, which indicated that 
the PCG‑lncRNA‑microRNA signature risk score was an 
independent prognostic factor, following adjustment for other 
clinical features including sex, age and pTNM (high‑risk 
group vs. low‑risk group, HR=7.42, 95%  CI 3.08‑17.88, 
P<0.001, n=119; Table IV). The same result appeared in the 
test dataset  (HR=2.84, 95% CI 1.43‑5.64, P<0.001, n=120; 
Table IV).

Comparison of the survival prediction power of the 
PCG‑lncRNA‑microRNA signature with TNM  stage. To 
compare the survival prediction power of TNM stage and the 
PCG‑lncRNA‑microRNA signature, we performed ROC anal-
ysis considering that a larger AUC usually represented a better 
model for prediction (25,26). In the training dataset (n=119), the 
AUC of the PCG‑lncRNA‑microRNA signature was greater 
than that of the TNM stage (AUCSignature=0.79 vs. AUCTNM=0.67, 
n=119; Fig. 3C), which demonstrated that the signature for 

survival prediction in our study had high sensitivity and 
specificity and had important clinical significance. The same 
result was indicated in the test group (AUCSignature=0.64 vs. 
AUCTNM=0.60, n=120; Fig. 3D), while the model combining 
TNM with the PCG‑lncRNA‑microRNA signature had a 
larger AUC than the TNM stage or signature alone (AUCTNM+ 

Signature=0.83/0.68 in the training/test group; Fig. 3C and D).

Figure 4. Kaplan‑Meier analysis for the signature combined with TNM stage 
in the training group.

Figure 3. PCG‑lncRNA‑microRNA signature predicts overall survival of patients with BLCA and comparison to the survival prediction power of the 
PCG‑lncRNA‑microRNA signature and TNM stage. (A and B) Kaplan‑Meier survival curves classify patients into high‑ and low‑risk groups by the 
PCG‑lncRNA‑microRNA signature in the training and test dataset. P‑values were calculated by log‑rank test. (C and D) ROC analysis was used to compare 
the survival prediction power between the PCG‑lncRNA‑microRNA signature and the TNM stage in the training and test datasets.
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Stratification analysis. Due to the correlation between the 
TNM  stage and the PCG‑lncRNA‑microRNA signature 
(P<0.05, Table  III) and the combination of TNM with 
the PCG‑lncRNA‑microRNA signature having a rela-
tively large AUC, we stratified the TNM  stage by the 
PCG‑lncRNA‑microRNA signature risk score, and thus, 
patients from the training dataset  (n=119) were grouped 
into four groups: high‑risk and TNM IV stage, high‑risk 
and TNM I+II+III stage, low‑risk and TNM IV stage, and 
low‑risk and TNM I+II+III  stage. The Kaplan‑Meier test 
was performed, and Kaplan‑Meier curves revealed that the 
combination model could more precisely subdivide patients. 
The log‑rank test revealed that the signature could further 
subdivide TNM I+II+III stage patients into either a high‑risk 
group with shorter survival or a low‑risk group with longer 
survival (log‑rank test P<0.001). Similarly, the TNM stage 
IV patients were also divided into a high‑risk group with 
lower OS and a low‑risk group with higher OS (log‑rank test 
P<0.001, Fig. 4).

Functional characterization of the selected prognostic 
lncRNAs, microRNAs and PCGs. Co‑expression relationships 
of these selected lncRNAs, microRNAs and PCGs with their 
corresponding protein‑coding genes were computed using 
Pearson's correlation coefficient in the training/test dataset. A 
total of 1,593/1,643 protein‑coding genes in the training/test 
dataset were highly correlated with at least one of the selected 
lncRNAs, microRNAs and PCGs, and the interaction network 
was visualized by Cytoscape  (27)  (Pearson's correlation 
coefficient >0.40, P<0.05; Fig. 5A and data not shown). GO 
and KEGG of these co‑expressed protein‑coding genes was 
performed, indicating that in the two datasets co‑expressed 
protein‑coding genes were significantly enriched in 
31 different GO terms and KEGG pathways (P<0.05). The six 
genes may be involved in tumourigenesis by interacting with 
those protein‑coding genes that affect the important biological 
processes such as cellular nitrogen compound metabolic 
process, nucleobase‑containing compound metabolic process, 
heterocycle metabolic process and cellular aromatic compound 
metabolic process (top 5 ranking by P‑value, Fig. 5B).

Discussion

In a broad sense, bladder cancer includes not only bladder 
urothelial carcinoma (BLCA) but also non‑epithelial cancers, 
such as lymphoma or sarcoma. However, BLCA is ordinarily 
considered as bladder cancer since it accounts for 90% of 
bladder cancers. In the present study, we used BLCA samples 
to explore bladder cancer prognosis markers. In terms of 
prognosis, bladder cancer patients with similar TNM staging 
have different survival time. A portion of them may encounter 
disease recurrence and progression, which decreases the OS 
rate to a great extent. Thus, the 5‑year survival rate of BLCA 
patients varies significantly from 5 to 70%. Thereby, TNM 
staging, as the dominant prognostic assessment tool, is not 
adequate for prediction of individual outcomes. In the era of 
precision medicine, gene signature has been identified as being 
able to serve as a novel biomarker for predicting the survival of 
various carcinomas. In the past decades, with the development 
of transcriptomic and bioinformatics studies, mRNAs as well 
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as non‑coding RNAs including lncRNAs and microRNAs, 
have become the focus of tumour prognosis‑related research.

lncRNAs have been found to be involved in regulating 
gene expression at transcriptional, post‑transcriptional and 
epigenetic levels (4), and microRNAs could regulate hundreds 
of downstream genes by targeting the 3'untranslated region 
of specific messenger RNAs for degradation or translational 
repression (4). Furthermore, similar to protein coding genes 
or mRNAs, accumulating evidence has indicated that both 

lncRNAs and microRNAs are involved in oncogenic and 
tumour suppressive pathways and perform various functions 
in a wide variety of important biological processes, such 
as transcriptional regulation, cell growth and tumourigen-
esis (29‑33). Different from protein coding genes, lncRNAs 
and microRNAs are tissue‑specific and their expression is 
more closely associated with biological function and tumour 
status as their non‑coding feature (30,34‑37). All these char-
acteristics open a door for lncRNAs, microRNAs and PCGs 

Figure 5. (A) Co‑expression network and (B) functional enrichment of the co‑expressed protein‑coding genes with two prognostic lncRNAs, microRNAs and 
PCGs in the training and test groups.
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to be used as cancer diagnostic or prognostic biomarkers. 
Their prognostic value in various types of cancer has been 
confirmed by numerous studies. As aforementioned, lncRNAs, 
microRNAs and PCGs have revealed their prognostic potential 
in bladder cancer. However, current studies are limited to one 
type of RNA (lncRNA, microRNA or mRNA) or RNA signa-
ture, and there is little research combining three types of RNA 
and exploring more powerful markers from a comprehensive 
and multidimensional transcriptome level. In the present study, 
by analysing the BLCA transcriptome data, we aimed to find 
a multidimensional transcriptome gene signature that could 
predict the survival of bladder cancer patients. Based on the 
results of TCGA expression data mining, we identified a signa-
ture involving two lncRNAs, two microRNAs and two PCGs 
that was significantly associated with the OS of BLCA patients 
in the training dataset. The selected signature separated 
BLCA patients into a low‑risk group and a high‑risk group 
with significantly different survival times in the training or 
test dataset, demonstrating its good prognostic performance. 
Multivariable Cox regression analysis was performed to assess 
the independence of the selected PCG‑lncRNA‑microRNA 
signature in predicting OS in the training dataset and test 
dataset. With sex and pTNM  stage as covariables in the 
regression analysis, risk score of the PCG‑lncRNA‑microRNA 
signature maintained an independent correlation with OS. 
Collectively, these results indicated that the prognostic power 
of the PCG‑lncRNA‑microRNA signature was independent 
of other clinical features. In addition, comparison of the 
prediction ability of TNM staging and the multidimensional 
transcriptome signature confirmed that the signature was 
superior to TNM staging. The stratification analysis found 
that the PCG‑lncRNA‑microRNA signature combined with 
TNM stage demonstrated a more robust prognostic power, 
implying that the signature could be an auxiliary biomarker of 
TNM stage to more precisely subdivide BLCA patients.

As for the characteristics of the PCGs, lncRNAs and 
microRNAs in the signature, we found that high expression of 
C1QTNF9B, RP11‑60L3.1 and hsa‑miR‑891a was associated 
with a short survival time (univariable Cox coefficient >0), and 
high expression of ACADS, CTD‑3195I5.3 and hsa‑miR‑3913‑1 
was associated with a long survival time (univariable Cox 
coefficient  <0) (the KM analysis of the six genes in the 
training group are data not shown). C1QTNF9B is a novel 
protein that hetero‑oligomerizes with C1q/TNF family 
members. C1q/TNF family members have been revealed 
to play diverse roles in various physiological processes in 
different tissue compartments, ranging from development 
to the immune, endocrine, skeletal, neuronal, reproductive, 
sensory and vascular systems (38). ACADS is involved in 
free fatty acid β‑oxidation and regulates energy homeo-
stasis (39). hsa‑miR‑891a can target bladder cancer‑associated 
protein (BLCAP) potentially in the 3'UTR (40), while there is 
a lack of research for the remaining genes. Although functions 
of these lncRNAs, microRNAs and PCGs have been inferred 
by bioinformatics analysis, the biological roles of the selected 
genes in tumourigenesis are still not clear and should be 
investigated in further experimental studies. With the rapidly 
increasing related studies, more multidimensional signatures 
will become available, such as combining PCGs, lncRNAs and 
microRNAs with circular RNAs or other non‑coding RNAs.

Limitations in the present study need to be acknowledged. 
First, only a fraction of human mRNAs (14,644 out of 30,000+), 
lncRNAs (6,603 out of 15,000+) and microRNAs (429 out of 
2,000+) were included in the present study. Therefore, we 
may have missed candidates that are potentially correlated 
with BLCA overall survival. Second, we failed to further 
seek the mechanisms behind the prognostic values of these 
PCGs, lncRNAs and microRNAs in BLCA, and experimental 
studies on these PCGs, lncRNAs and microRNAs may provide 
important information to deepen our understanding of their 
functional roles. Finally, although we demonstrated the 
selected PCG‑lncRNA‑microRNA signature may replace or 
complement the TNM staging, applying it for clinical use still 
warrants more confirmed studies. Despite these drawbacks, 
however, the PCG‑lncRNA‑microRNA signature has been 
demonstrated to serve as a marker for BLCA patient prognosis 
prediction.

In conclusion, the multidimensional transcriptome 
signature comprised of ACADS, C1QTNF9B, RP11‑60L3.1, 
CTD‑3195I5.3, hsa‑miR‑3913‑1 and hsa‑miR‑891a can 
predict the survival of bladder cancer patients with more 
accuracy and further subdivide BLCA patients combined with 
TNM stages, revealing that the model has promising clinical 
significance.
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