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Abstract
Background: Bladder cancer is the second most common malignant tumor in 
the urogenital system. The research investigated the prognostic role of immune-
related long non-coding RNA (lncRNA) in bladder cancer.
Methods: We extracted 411 bladder cancer samples from The Cancer Genome 
Atlas database. Single-sample gene set enrichment analysis was employed to as-
sess the immune cell infiltration of these samples. We recognized differentially 
expressed lncRNAs between tumors and paracancerous tissues, and differentially 
expressed lncRNAs between the high and low immune cell infiltration groups. 
Venn diagram analysis detected differentially expressed lncRNAs that inter-
sected the above groups. LncRNAs with prognostic significance were identified 
by regression analysis. Multivariate Cox analysis was used to establish the risk 
score model. Then we established and evaluated the nomogram. Additionally, we 
performed gene set enrichment analysis to explore the potential functions of the 
screened lncRNAs in tumor pathogenesis.
Results: Three hundred and twenty differentially expressed lncRNAs were rec-
ognized. We randomly divided patients into the training data set and the testing 
data set at a 2: 1 ratio. In the training data set, 9 immune-related lncRNAs with 
prognostic significance were identified. The risk score model was constructed to 
classify patients as high- and low-risk cohorts. Patients in the low-risk cohort had 
better survival outcomes than those in the high-risk cohort. The nomogram was 
established based on the indicators including age, gender, tumor-node-metastases 
stage, and risk score. The model's predictive performance was confirmed by the 
receiver operating characteristic curve analysis, concordance index method, cal-
ibration curve, and decision curve analysis. The testing data set also achieved 
similar results. Bioinformatics analysis suggested that the 9-lncRNA signature 
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1   |   INTRODUCTION

Bladder cancer is the second most common urological 
malignancy in the world with approximately 573,000 
new cases and 213,000 deaths in 2020.1 It was re-
ported that the prognosis of bladder cancer patients 
was strictly related to the immune microenvironment 
of tumor tissues.2 Accumulated evidence has verified 
the therapeutic role of immune checkpoint inhibitors 
in bladder cancer, including atezolizumab, avelumab, 
durvalumab, nivolumab, and pembrolizumab.3 A recent 
research demonstrated that pembrolizumab could pro-
long the progression-free survival of patients with high 
RNA-based immune signature scores,4 which suggested 
that we might identify immune-related prognostic in-
dicators to improve the prognosis of bladder cancer pa-
tients and guide their treatment.

Long non-coding RNAs (lncRNAs) are a group of 
RNAs that participate in the human physiological and 
pathological processes by interacting with specific 
RNAs and proteins. In recent years, it has been discov-
ered that lncRNAs were involved in tumor growth and 
progression.5 In bladder cancer, lncRNA plays a vital 
role in lymphatic metastasis, epithelial-mesenchymal 
transformation, proliferation, migration, and apopto-
sis of tumor cells.6,7 LncRNA SOX2OT could maintain 
the stemness phenotype of bladder cancer stem cells 
and serve as an adverse indicator of clinical outcomes 
and prognosis.8 Furthermore, the exosomal lncRNA 
LNMAT2 could stimulate the formation and migration 
of lymphatic endothelial cells tube, and intensify the 
cancer lymphangiogenesis and lymphatic metastasis in 
bladder cancer.9 Therefore, lncRNA, as a novel biologi-
cal marker, offers broad prospects for the early diagno-
sis and prognosis prediction of bladder cancer.

Studies have demonstrated that immune-related ln-
cRNAs have a unique value in the prognosis of several 
cancers. The heterogeneous expression of lncRNAs was 
identified among different immune-infiltrating groups 
in muscle-invasive bladder cancer.10 Shen et al.11 rec-
ognized 11 immune-related lncRNAs as prognostic 
markers for breast cancer, whose signature was related 
to the infiltration of immune cell subtypes. Li et al.12 

screened seven immune-related lncRNAs in low-grade 
glioma and confirmed that these lncRNAs have prog-
nostic value in patients. Cao et al.13 have screened five 
immune-related lncRNAs in bladder cancer but the sig-
nature's area under the curve (AUC) was relatively low 
(AUC = 0.666). Tong et al.14 have raised an epithelial-
mesenchymal transition-related lncRNA signature in 
bladder cancer, which has included too many lncRNAs. 
Therefore, we aimed to propose a novel signature of 
immune-related lncRNA to predict the prognosis of 
bladder cancer.

In the study, we analyzed the data set of lncRNAs 
and corresponding clinical information from the Cancer 
Genome Atlas (TCGA) and screened for immune-related 
lncRNAs by single-sample gene set enrichment analysis 
(ssGSEA). Furthermore, we established a prognostic 
model based on these lncRNAs and explored their po-
tential biological functions in bladder cancer.

2   |   MATERIALS AND METHODS

2.1  |  Bladder cancer sample sources and 
grouping

Gene expression data (RNA-Seq), lncRNA sequencing 
data, and corresponding clinical data of bladder cancer 
were downloaded from the TCGA database (https://
portal.gdc.cancer.gov). Twenty-nine immune cell data 
sets were applied to evaluate the infiltration level of im-
mune cells through the ssGSEA method (Table  S1).15 
After that, patients were classified as the high and low 
immune cell infiltration groups using the hclust pack-
age. The stromal score, immune score, and tumor purity 
score were calculated by the ESTIMATE algorithm to 
verify the effectiveness of ssGSEA groupings.16 In addi-
tion, we assessed the difference between the two groups 
by analyzing the expression of the human leukocyte 
antigen (HLA) gene. CIBERSORT algorithm was em-
ployed to determine the infiltration of various immune 
cells in the tumor sample and verify the potency of the 
immune groupings again.17

was involved in the modulation of various immune responses, antigen processing 
and presentation, and T cell receptor signaling pathway.
Conclusions: Our study uncovered the prognostic value of immune-related 
lncRNAs for bladder cancer and showed that they may regulate tumor pathogen-
esis in various ways.
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2.2  |  Screening of immune-
related lncRNA

|log2Fold Change (FC)| > 0.5 and p < 0.05 were set as the 
standard to recognize the differentially expressed lncR-
NAs between the high and low immune cell infiltration 
groups by edgeR package. Differentially expressed lncR-
NAs between bladder cancer and adjacent tissues were 
also identified by the same method. Venn diagram anal-
ysis was used to screen out immune-related lncRNAs in 
bladder cancer from the above two sets.

2.3  |  Construction of the risk 
score model

Patients with a follow-up of more than 30 days were ran-
domly divided into the training and testing sets at a ratio 
of 2:1 (cross-validation method). In the training set, uni-
variate Cox regression was performed on immune-related 
lncRNAs and clinical data to identify prognosis-related 
lncRNAs. We conducted the least absolute shrinkage and 
selection operator (LASSO) regression analysis to screen 
crucial lncRNAs which were tightly associated with over-
all survival (OS). Survival analyses were performed on the 
lncRNAs, respectively, to further screen lncRNAs with 
prognostic significance. The multivariate Cox regression 
model was utilized to calculate the respective coefficients 
(βi) of selected lncRNAs. Then, a risk score model consist-
ing of βi and lncRNA expression levels (Expi) was estab-
lished to appraise the risk score of each patient. We set the 
median risk score as a cutoff value and divided patients 
into high-risk and low-risk groups. Kaplan–Meier sur-
vival analysis was performed to compare the OS between 
the two groups. Receiver operating characteristic (ROC) 
curve analysis was utilized to evaluate the predictive ef-
ficacy of the model. The risk curve and scatter plot were 
generated to illustrate the risk score and survival status 
of each sample. The heatmap showed the expression pro-
files of the signature in the two groups. The correlation 
between risk scores and immune infiltration subtypes was 
analyzed by the Pearson correlation. The testing data set 
was applied to validate the above results.

2.4  |  Establishment and 
evaluation of the nomogram

We evaluated the prognostic significance of risk score and 
clinical variables such as age, gender, and tumor-node-
metastases (TNM) stage by univariate and multivariate 
Cox regression analyses. The nomogram was established 
according to the results of multivariate Cox regression 

to predict each patient's 3- and 5-year OS. We conducted 
the ROC curve analysis, concordance index (C-index) 
method, calibration curve method, and decision curve 
analysis (DCA) to assess the model's accuracy. Finally, the 
testing set data were used to evaluate the above results.

2.5  |  Gene set enrichment analysis

We executed Gene Ontology (GO) enrichment analysis 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis to investigate the potential pathways in 
which the immune-related lncRNAs may participate.

2.6  |  Statistical analysis

All statistical analysis was accomplished by R version 
3.6.2 (Institute for Statistics and Mathematics, Vienna, 
Austria; https://www.r-proje​ct.org). The correlation was 
determined by Pearson correlation analysis. Chi-square 
test and t-test were utilized to compare clinical variables. 
Survival status was assessed by the Cox regression analy-
sis. OS was generated by the Kaplan–Meier method and 
evaluated by the log-rank test. Two-tailed p  <  0.05 was 
considered statistically significant.

3   |   RESULTS

3.1  |  Grouping and identification of 
bladder cancer samples

The flowchart of our research is shown in Figure  1. 
Information on 411 bladder cancer tissues and 19 adjacent 
tissues were obtained from the TCGA database. Three 
hundred and ninety-three patients with a follow-up of 
more than 30 days were included in the study (Table S2). 
The transcriptome data of bladder cancer samples were 
analyzed by the ssGSEA method to assess the level of im-
mune cell infiltration level. An unsupervised hierarchi-
cal clustering algorithm was employed to divide patients 
into the high immune cell infiltration group (n  =  85) 
and the low immune cell infiltration group (n  =  326) 
(Figure 2A). The ESTIMATE algorithm was used to calcu-
late the ESTIMATE score, immune score, stromal score, 
and tumor purity of all samples. Compared with the low 
immune cell infiltration group, the high immune cell 
infiltration group presented higher ESTIMATE score, 
higher immune score, higher stromal score, and lower 
tumor purity (p < 0.001) (Figure 2B–E). The expression 
of HLA family genes in the high immune cell infiltra-
tion group was higher than that in the low immune cell 

https://www.r-project.org
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infiltration group (p < 0.001) (Figure 2F). In addition, the 
CIBERSORT method revealed that the high immune cell 
infiltration group had a higher density of immune cells 
(Figure 2G). Overall, our results indicated that the bladder 
cancer grouping was feasible.

3.2  |  Identification of the immune-
related lncRNAs

We recognized 2067 differentially expressed lncRNAs be-
tween tumors and adjacent tissues (Figure 3A) and 1076 
differentially expressed lncRNAs between the high and 

low immune cell infiltration groups (Figure 3B). The Venn 
diagram analysis detected 320 differentially expressed 
lncRNAs that intersected the above groups (Figure  3C). 
Taking together, we screened 320 immune-related lncR-
NAs in bladder cancer.

3.3  |  Construction and assessment of the 
risk score model

In the training data set, univariate Cox regression was 
performed on immune-related lncRNAs to identify 
38 prognosis-associated lncRNAs (Figure  4A). LASSO 

F I G U R E  1   Flowchart for 
construction and evaluation of the 
prognostic model
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regression analysis further screened nine crucial lncR-
NAs (Figure  4B,C). Survival analyses of immune-related 
lncRNAs revealed that nine lncRNAs were signifi-
cantly related to OS, including AC126773.2 (p  =  0.039), 
RRN3P2 (p  =  0.04), AL022322.1 (p  =  0.003), Z84484.1 
(p  =  0.00001), AL645940.1 (p  =  0.008), AL357054.4 
(p  =  0.043), AL662844.4 (p  =  0.04), AL136084.3 
(p = 0.013), and LINC01679 (p = 0.035) (Figure S1). βi was 

calculated (Table 1) to establish the risk score model: Risk 
score = 

∑ 9
i=1

(� i ∗ expi). We set the median risk score as 
a cutoff value and divided 411 patients into high-risk and 
low-risk groups. The Kaplan–Meier curve disclosed that 
the OS in the low-risk group was significantly better than 
that in the high-risk group (p  =  7.542e–05) (Figure  5A). 
The risk curve and scatter plot indicated that the risk coef-
ficient and mortality of patients in the high-risk group were 

F I G U R E  2   Establishment and verification of bladder cancer grouping. (A) The heatmap showed the unsupervised clustering of 
29 immune cells in the high immune cell infiltration group (Immunity_H) and the low immune cell infiltration group (Immunity_L). 
Parameters including the tumor purity, ESTIMATE score, immune score, and stromal score were also displayed. (B–E) The box plots 
revealed the statistical differences in tumor purity, ESTIMATE score, immune score, and stromal score between the high and the low 
immune cell infiltration groups. (F) The expression of human leukocyte antigen (HLA) family genes in the high immune cell infiltration 
group was higher than that in the low immune cell infiltration group. (G) The CIBERSORT method demonstrated that a higher density 
of immune cells was found in the high immune cell infiltration group compared to the low immune cell infiltration group. *p < 0.05; 
**p < 0.01; ***p < 0.001
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higher than those in the low-risk group (Figure 5B,C). The 
heatmap exhibited the expression profiles of the 9-lncRNAs 
signature in the two groups (Figure  5D). The correlation 
status of B cells, CD4+ T cells, CD8+ T cells, dendritic cells, 
macrophages, and neutrophils with risk score were plot-
ted in Figure S2. The correlation values (infiltration sta-
tus) of B cells, CD4+ T cells, CD8+ T cells, dendritic cells, 
macrophages, and neutrophils with risk score were −0.157, 
−0.200, 0.167, −0.005, 0.428, and −0.046, respectively, in 
the training data set. And the correlation values of B cells, 
CD4+ T cells, CD8+ T cells, dendritic cells, macrophages, 
and neutrophils with risk score were −0.186, −0.009, 0.106, 
−0.061, 0.239, and 0.036, respectively, in the testing data 
set. Similar results were obtained using the same method 
on the testing data set (Figure 5E–H).

F I G U R E  3   Identification of immune-related long non-coding RNA (lncRNA) in bladder cancer. (A) The volcano plot visualized that 
1178 lncRNAs were up-regulated and 889 were down-regulated in bladder cancer compared to paracancerous tissues. (B) The volcano 
plot indicated that 440 immune-related genes were up-regulated and 636 were down-regulated in the high immune cell infiltration group 
compared to the low immune cell infiltration group. (C) The Venn diagram analysis detected 320 differentially expressed lncRNAs that 
intersected the above groups

F I G U R E  4   Identification of immune-related long non-coding RNAs (lncRNAs) with prognostic significance. (A) The risk ratio forest 
plot visualized 38 immune-related lncRNAs significantly associated with the overall survival. (B) The least absolute shrinkage and selection 
operator (LASSO) analysis identified 28 lncRNAs tightly correlated with prognosis. (C) Illustration of LASSO coefficient spectrum for 
prognosis-related lncRNAs

T A B L E  1   The prognostic significance of the 9-long non-coding 
RNAs signature

Immune-related gene Coef
Hazard 
ratio (HR)

AC126773.2 −0.245674785 0.782176559

RRN3P2 −0.439240487 0.644525761

AL022322.1 −0.210005673 0.810579648

Z84484.1 −0.262440116 0.769172424

AL645940.1 −0.136995376 0.871974258

AL357054.4 −0.717602304 0.48792074

AL662844.4 −0.731805115 0.481039873

AL136084.3 0.182874542 1.200663765

LINC01679 −0.174892219 0.839547503
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3.4  |  Construction and evaluation of the 
prognostic model

Univariate Cox regression showed that the risk score and 
clinical indicators including age, gender, and TNM stage 
were firmly related to OS (Figure  6A). We further con-
ducted the multivariate Cox analysis and found that the 
9-lncRNAs signature was an independent prognostic factor 

for bladder cancer (p  <  0.001) (Figure  6B). ROC curve 
analysis validated the predictive performance of the signa-
ture (Figure 6C). We then established a nomogram includ-
ing age, gender, TNM stage, and risk score (Figure  7A). 
The AUCs for 3-, 5-year OS predicted by the model were 
0.784 and 0.790, respectively (Figure  7B). The C-index 
of the nomogram was 0.751. The calibration curves and 
DCAs of the prognostic model showed that the model had 

F I G U R E  5   Construction of the risk-score model based on immune-related long non-coding RNAs (lncRNAs). (A, E) Kaplan–Meier 
analysis showed that patients in the high-risk group suffered worse overall survival compared to the low-risk group in training and testing 
data sets, respectively. (B, F) The overviews of survival time for each patient in training and testing data sets, respectively. (C, G) The 
distributions of a risk score for each patient in training and testing data sets, respectively. (D, H) The heatmaps of expression profiles for 
9-lncRNAs signature between the low-risk and high-risk groups in training and testing data sets, respectively. Warm colors represented high 
expression, while cold colors represented low expression
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an excellent predictive effect (Figure 7C–F). We acquired 
similar results using the same method on the testing data 
set (Figures 6D–F and 7G–L).

3.5  |  Gene set enrichment analysis

We performed GO enrichment analysis and KEGG pathway 
analysis on the differentially expressed genes between the 
high-risk and low-risk groups. GO enrichment analysis in-
dicated that the genes were enriched in the ephrin receptor 
signaling pathway, epidermal growth factor receptor (EGFR) 
signaling pathway, ERBB signaling pathway, mRNA splicing 
site selection, DNA adenosine diphosphate (ADP) ribosyl-
transferase activity, and T cell selection (Figure 8A). KEGG 
pathway analysis showed that these genes were involved in 
amino sugar and nucleotide sugar metabolism, antigen pro-
cessing and presentation, extracellular matrix (ECM) recep-
tor interaction, focal adhesion, primary immunodeficiency, 
and T cell receptor signaling pathway (Figure 8B).

4   |   DISCUSSION

Bladder cancer has the characteristics of a high recur-
rence rate and poor prognosis.18 Accurately predicting the 
prognosis of bladder cancer patients is of great importance 
for guiding their treatment. Prognostic models based on 
immune-related genes have been developed and proved 
to have excellent predictive efficacy in bladder cancer pa-
tients.19,20 Using lncRNAs to construct a prognostic model 
may be an important supplement to predict the prognosis 
of bladder cancer.

 
We analyzed the lncRNAs data set from the TCGA data-
base and screened 320 immune-related lncRNAs. Nine 
immune-related lncRNAs with prognostic significance 
were ultimately identified. Furthermore, our findings in-
dicated that AL136084.3 was an adverse prognostic factor 
for bladder cancer, whereas the other lncRNAs were fa-
vorable prognostic factors. Multivariate Cox analysis was 
used to construct the risk score model. We found that 

F I G U R E  6   The prognostic value of risk score and clinical variables. (A, D) Univariate Cox analysis showed that risk score and 
clinical variables including age, gender, and TNM stage were significantly related to overall survival (OS) in training and testing data 
sets, respectively. (B, E) Multivariate Cox analysis manifested that the 9-long non-coding RNAs (lncRNAs) signature was an independent 
prognostic indicator for bladder cancer in training and testing data sets, respectively. (C, F) ROC curve analysis of the 9-lncRNAs signature 
demonstrated that area under the curves in the training data set and in the testing data set were 0.727 and 0.752, respectively

F I G U R E  7   Establishment and evaluation of the prognostic model. (A, G) The nomograms for predicting the patients' overall survival 
(OS) in training and testing data sets, respectively. (B, H) ROC curve analysis showed that area under the curves (AUCs) of 3- and 5-year OS 
were 0.784 and 0.790, respectively, in the training data set, and AUCs of 3- and 5-year OS were 0.755 and 0.779, respectively, in the testing 
data set. (C, I) The calibration curves for 3-year OS of the nomogram in training and testing data sets, respectively. (D, J) The calibration 
curves for 5-year OS of the nomogram in training and testing data sets, respectively. (E, K) The DCA for 3-year OS of the nomogram in 
training and testing data sets, respectively. (F, L) The DCA of 5-year OS of the nomogram in training and testing data sets, respectively
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patients in the low-risk group had longer OS than that of 
the high-risk group. In addition, we noticed that the in-
filtration of B cells was significantly negatively correlated 
with the prognosis of bladder cancer, while that of macro-
phages was on the contrary. B cells have long been recog-
nized as effector cells of humoral immunity that inhibited 
tumor progression through secreting immunoglobulins, 
activating T cells, and killing tumor cells directly.24 A high 
density of CD20+ B cells was independently correlated 
with a prolonged time to recurrence in bladder cancer.25 
Moreover, macrophages could contribute to tumor pro-
gression by accelerating genetic instability, promoting 
metastasis, nurturing cancer stem cells, and taming pro-
tective immunity.26 In bladder cancer, a higher expression 
of M2 macrophage is associated with a worse grade and 
stage of the tumor.27

Subsequently, we established a nomogram including 
age, gender, TNM stage, and risk score. The ROC curve 
analysis, C-index, calibration curves, and DCA confirmed 
the model's predictive power. Compared to models based 
on other sequencing data, the prognostic model con-
structed by immune-related lncRNAs presented better ef-
ficacy according to the ROC curve method.28–31

Furthermore, we performed GO enrichment analysis and 
KEGG pathway analysis to explore the potential functions 
of the 9-lncRNAs signature in bladder cancer. The results 
showed that these lncRNAs were involved in various im-
mune responses, antigen processing, and presentation, T cell 
receptor signaling pathway, EGFR signaling pathway, ERBB 
signaling pathway, ECM receptor interaction, focal adhesion, 
and primary immunodeficiency. Epidermal growth factor 
was reported to activate the androgen receptor and increase 
the expression of TRIP13 to promote bladder cancer progres-
sion.32,33 Notably, ECM modification could not only promote 
tumor cells to escape, but also help generate and maintain 
the cancer stem cell niche.34 Moreover, high infiltration of 

memory-activated CD4+ T cell subsets were associated with 
prolonged OS and reduced risk of tumor recurrence in blad-
der cancer.35 Chobrutskiy et al.36 demonstrated that lower 
CDR3 region isoelectric point in T cell receptor was associ-
ated with better survival outcomes in bladder cancer.

However, there are some limitations to our research. 
It is a retrospective study whose data were obtained 
from the TCGA database that lacked information in-
cluding treatment and recurrence records. In vivo or in 
vitro experiments and prospective clinical researches 
are needed to validate our conclusions.

5   |   CONCLUSION

In summary, the present study identified a 9-lncRNAs sig-
nature that possessed prognostic value for bladder cancer 
patients. The immune-related lncRNAs may regulate tumor 
pathogenesis through the modulation of various immune 
responses, antigen processing and presentation, and T cell 
receptor signaling pathway. Our research proposes a predic-
tive model and biomarkers for bladder cancer patients.
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