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Background: Recently, researches have implied that immune-related lncRNAs (IR-lncRNAs) have a vital 
role in tumor occurrence and development. However, the study in bladder cancer (Bca) is still unclear. New 
biomarkers and reliable prognostic models for Bca are still limited. Here, we investigated the potential 
application value of immune-related lncRNAs in the prognostic evaluation of Bca patients.
Methods: We obtained clinical information and corresponding sequencing data from the The Cancer 
Genome Atlas (TCGA) database, and the cohort of Bca patients was divided into training and validation 
cohorts (ratio 7:3) randomly. An immune-related lncRNA co-expression network was constructed to 
identify immune-related lncRNAs. The candidate module intimately associated with overall survival (OS) 
was identified by using weighted gene co-expression network analysis (WGCNA). Univariate, multivariate 
Cox regression and LASSO analysis were performed to build the immune-related lncRNA signature. A 
prognostic model was further developed and its prognostic value was evaluated by Kaplan-Meier (KM) 
analysis. GSEA, KEGG analysis and GO annotation were used for functional annotation in this study. 
Results: Totally, we identified 1,249 differentially expressed IR-lncRNAs were and six of which 
(AC005674.2, AC090948.1, TFAP2A-AS1, AL354919.2, AC011468.1 and AC018809.2) were finally selected 
in the gene signature. According to survival analysis, patients with high-risk scores were significantly related 
to poor survival outcomes. Furthermore, we established a novel gene signature demonstrated high prognostic 
value, and can be utilized as an independent risk factor (validation cohort: P<0.001, HR =3.832; training 
cohort: P<0.001, HR =2.843). Additionally, we built a nomogram on account of the clinicopathologic 
characteristics and gene signature to predict the survival probability of 1-, 3- and 5-year in Bca patients. 
The value of AUC curve of 1-, 3- and 5-year survival probability was 0.724, 0.777 and 0.77, severally. 
Furthermore, some enrichment pathways were identified by KEGG and GO analysis, and might be useful to 
display the potential mechanism for Bca. 
Conclusions: Our results indicated that the signature of six immune-related lncRNAs had an underlying 
value in the prognosis of Bca patients and might be helpful for the immunotherapy of Bca.
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Introduction

Bladder cancer (Bca) was ranked fourth among malignant 
tumors in males in the United States in 2019 and eighth 
in the number of deaths (1). Cases of Bca can be classified 
as muscle-invasive bladder cancer (MIBC) and non-
MIBC (NMIBC) based on the degree of tumor invasion. 
Approximately 20% of Bca cases are diagnosed as MIBC, 
and the rates of recurrence, progression, and mortality 
for MIBC are very high. Therefore, a variety of treatment 
modalities are used to treat MIBC (2,3). All stages of 
urothelial cancer patients’ 5-year OS rate is approximately 
15–20% (4). Although the mechanisms regulating the 
occurrence and development of Bca have not been fully 
elucidated, recent in-depth studies of immune-related 
mechanisms, immunotherapies, and the application of 
immune-checkpoint inhibitors have led to the development 
of more effective treatment options for Bca (2-4). In the 
past few years, immunotherapy has become an important 
means of cancer therapy. Anti-CTLA-4 and Anti-PD-L1/
PD1 antibodies have already demonstrated substantial 
clinical effects against a variety of solid tumors including 
Bca (2). Nevertheless, as the majority of patients with all 
stages of Bca do not respond to immunotherapy, there is 
a great need for novel immune-related therapeutic targets 
and additional biomarkers related to tumor prognosis.

Immune cells have been shown to interfere with molecular 
signaling and play a vital part in biological characteristics of 
cancers, and they are tightly associated with tumor invasion, 
proliferation, and metastasis (5). Studies have shown that an 
increase in tumor-infiltrating immune cells can be used as a 
predictive biomarker in various malignancies (6). It has also 
been reported that the balance between T cells and myeloid-
derived suppressor cells, which is associated with skewing 
toward type 2 immunity, may influence the survival of 
patients with MIBC and predict Bca recurrence (7). Studies 
have shown that Bca plays an important role in promoting 
the accumulation of immunosuppressed myeloid cells 
and the inactivation of tumor-infiltrating lymphocytes. In 
addition, Bca was reported to be related to the high levels of 
regulatory T cells (Tregs). In addition, Infiltration of Tregs 
may promote bladder tumor invasion (8). Given the critical 
role of the immune system in cancer, to improve treatment 
and prognosis, it is necessary to identify all the immune-
related factors involved in Bca.

Long non-coding RNAs (lncRNAs) are defined as 
non-protein-coding RNA transcripts that are longer than  
200 nt (9). LncRNAs play key roles in regulating chromatin 

dynamics, gene expression, growth, differentiation, 
and development, and their dysregulation is associated 
with various types of cancer. Abnormal expression and 
mutation of lncRNAs can promote tumor development and  
metastasis (10). He et al. reported that the lncRNA 
LINC00958 is carcinogenic and promotes tumor metastasis 
in Bca (11). Studies have shown that numerous lncRNAs are 
widely expressed during T cell activation, differentiation and 
the activation of innate immune response. These lncRNAs 
play fundamental roles in regulating important aspects of 
immunity, such as inflammatory mediator production, cell 
differentiation, and cell migration (12). LncRNA LINK-A 
functions as an oncogene which plays a significant role in 
intrinsic tumor suppression and the presentation of cancer 
cell antigen (13). In hepatocellular carcinoma, lnc-EGFR 
acts as an immunosuppressor by promoting regulatory 
T cell differentiation (14). Nevertheless, the specific 
mechanism of immune-related lncRNAs in Bca is unclear. 
With the rapid development of immunotherapies, gene 
expression databases have been widely used to identify and 
explore potentially valuable therapeutic genes. In present 
research, immune-related lncRNAs of Bca were explored 
by using gene expression profiles with an aim to identify 
lncRNAs that have potential as prognostic indicators and 
immune therapeutic targets. We present the following 
article in accordance with the TRIPOD reporting checklist 
(available at http://dx.doi.org/10.21037/tau-20-1353).

Methods

Publicly available datasets and immune-related genes

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Clinical data 
from patients with Bca were obtained from The Cancer 
Genome Atlas (TCGA) database (https://cancergenome.nih.
gov/). Samples lacking necessary information were excluded. 
Patients without survival data and those whose OS ≤30 days 
were excluded because they likely died due to non-neoplastic 
factors (i.e., severe infection and hemorrhage) rather than 
Bca. In total, 393 Bca patients were enrolled in this study. 
These patients were randomly divided into training and 
validation cohorts (ratio 7:3) for building and validating 
the prediction model, respectively. Computer-generated 
random number sequences were used for randomization. 
The clinicopathological characteristics of the Bca 
patients in the TCGA dataset were listed in Table S1.  
The immune-related genes (IRGs) were obtained from 

https://cancergenome.nih.gov/
https://cancergenome.nih.gov/
https://cdn.amegroups.cn/static/public/TAU-20-1353-supplementary.pdf
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The Immunology Database and Analysis Portal (ImmPort, 
https://immport.niaid.nih.gov), and 1,300 IRGs were 
extracted. The clinical information for the Bca patients and 
the messenger RNA (mRNA) data are publicly available. All 
microarray data and RNA sequence data were standardized 
and log2 transformed with the R package.

Selection of lncRNA candidates and construction of an 
immune-related signature

Selection of lncRNAs was done according to Ensembl ID 
and annotation information. After construction of immune-
related lncRNA coexpression networks (P<0.001), 1,249 
lncRNAs were eligible for subsequent research. We then 
constructed a scale-free coexpression network using the 
weighted gene co-expression network analysis (WGCNA) 
package in R and the expression data for 1,249 immune-
related lncRNAs in the training set.

Firstly, a hierarchical clustering analysis of Bca samples 
with different clinical characteristics was carried out based 
on immune-related lncRNAs expression to recognize outlier 
samples. Then, the lowest power at which the scale-free 
topology fit index reaches 0.8 was chosen to be the soft 
power (β) for construction of networks. In this study, β=3 was 
used to construct the scale-free network. Next, the adjacency 
was used to calculate the topological overlap matrix (TOM). 
We assigned immune-related lncRNAs into different 
modules, with a min-Module size of 30, by using hierarchical 
clustering based on the distance measure, the corresponding 
dissimilarity (1-TOM). Unassigned genes were classified 
as gray modules. Next, we defined two parameters: module 
eigengenes (MEs) and gene significance (GS), and based on 
them, we discovered modules that were markedly related to 
various clinical features of the patients with Bca. Among the 
non-gray modules, candidate modules which had the highest 
absolute correlation with OS were selected for further 
analysis. We used univariate Cox regression analysis to 
identify possible prognostic immune-related lncRNAs among 
the candidate modules. We further constructed a prognostic 
risk model and the formula for risk score was as follows: 

( ) Risk score i Expiβ= ×∑
where i is the number of prognostic genes, and βi and Expi 
represent regression coefficients and expression value, 
respectively.

After calculating the risk scores of the Bca patients, we 
divided them into low- and high-risk groups. Predictive 
power of the model was evaluated by the receiver operating 

characteristic (ROC) analysis. Kaplan-Meier curve analysis 
was performed to evaluate the significance of differences in 
OS between the high-risk and low-risk groups.

Construction of the nomogram

A nomogram mode l  tha t  in t egra t e s  p rognos t i c 
clinicopathological features can be used to assist clinical 
procedures and improve risk stratification. Here, we used 
clinical factors [age, sex, grade, stage, and tumor-node-
metastasis (TNM) staging] and risk score of our model to 
build a prognostic nomogram to predict 1-, 3-, and 5-year 
OS in Bca patients with the “rms” package in R. A calibration 
plot and time-dependent ROC curve were generated to 
determine the calibration and identification of the model.

Functional enrichment analysis

DAVID 6.8 software was used to conduct KEGG pathway 
and GO annotation analyses based on genes from the 
candidate module. We performed principal component 
analysis (PCA) to discriminate sample groups and used 
gene set enrichment analysis (GSEA) to understand the 
underlying mechanism between different risk groups. 

Statistical analysis

Univariate Cox regression analysis and Pearson correlation 
analysis were used to identify immune-related lncRNAs. 
Prognostic value of various parameters for OS was assessed 
by the Cox (proportional hazards) regression. For the 
establishment of a prognostic model, least absolute shrinkage 
and selection operator (LASSO) regression and multivariate 
Cox regression analyses were performed. Kaplan-Meier 
curves were created to compare the survival outcome. The 
ROC curve was plotted using the “survivalROC” package. 
The unpaired Student’s t-test, one-way analysis of variance 
(ANOVA), the Chi-square test, or Fisher’s exact test was 
used for analysis as appropriate. Statistical analyses were 
performed using R software 3.5.0 and IBM SPSS statistics 
version 22.0 (SPSS Inc., Chicago, IL, USA). A two-sided P 
value less than 0.05 was accepted as significant.

Results

Identification of immune-related lncRNAs

Totally, we obtained 1,300 IRGs from Immunology 
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Database and Analysis Portal (ImmPort, https://immport.
niaid.nih.gov). We extracted the sequence data and 
identified 14,152 lncRNAs from the dataset. Then, by 
constructing immune-lncRNA co-expression networks, we 
identified 1,249 immune-related lncRNAs (P<0.001).

Construct an immune-related signature to predict OS

We used the WGCNA tool with clinical traits (OS, grade, 
and stage) and RNA-seq data in the training set (Figure 1A). 
In total, we used one-step network construction method to 
obtain four modules, wherein β was equal to 3 (Figure 1B).  
Next, we performed a relevance analysis between the 
corresponding modules and clinical features. These 
outcomes revealed one module not only had the most 
significant correlation with OS but also had a significant 
correlation with grade and stage (yellow module; Figure 1C).  
Moreover, the scatter of OS or average GS in the module 
is shown in Figure 1D, and the yellow module was closely 
related to OS. Consequently, 239 genes were selected 
from the yellow module and the univariate Cox regression 
were used to further analysis. As shown in Figure 1E, 
53 genes (53 protective genes and 0 risk genes) were 
significantly associated with OS (P<0.01). Then, in order 
to generate a prognostic signature in Bca cohort based on 
these 53 prognostic genes, multivariate Cox regression 
and LASSO Cox regression analyses were performed  
(Figure 1F,G). Ultimately, we constructed the signature 
based on the six genes (AC005674.2, AC090948.1, TFAP2A-
AS1, AL354919.2, AC011468.1, and AC018809.2). As 
shown in Figure 1G, in the signature, the scatter of the 
regression coefficients was displayed.

The immune-related gene signature is an independent 
prognostic factor for Bca

As shown in Figure 2, in the training cohort, the risk scores 
of the patients with Bca were ranked. And the risk scores 
of surviving patients were distinctly lower than those 
patients who died (P<0.0001). Bca patients in the low-risk 
group showed obviously better overall survival (OS) than 
those in the high-risk group (P<0.0001). The risk score 
could serve as an independent prognostic factor in Bca via 
multivariate cox regression analysis (HR =2.843, P<0.001). 
In addition, ROC analysis demonstrated that risk score was 
a prognostic marker of Bca, and the average AUC value was 
0.707 (0.622–0.785, P<0.001) after 5 years of follow-up. In 
order to verify the dependability of the above conclusions, 

we further carried out the same analysis in the verification 
cohort.

The results showed that the risk scores of surviving 
patients were lower than those of patients who died in the 
validation set (P=0.0303). According to the Kaplan-Meier 
analysis, compared with high-risk patients, low-risk patients 
had significantly better OS (P<0.0001). In the validation set, 
the risk score remained an independent prognostic factor 
for Bca, and this result was consistent with the training 
set (HR =3.832, P<0.001). Moreover, the risk score had 
a powerful predictive value in the validation set, with an 
average AUC of 0.759 (0.624–0.884, P<0.001). Compared 
with other clinical indicators, the ROC value of the risk 
score in the validation and trainings set was the highest, 
indicating that the risk score is a reliable independent 
prognostic factor.

Clinicopathological characteristics of the low- and high-
risk groups

As shown in Figure 3 ,  the heat map displayed six 
selected immune-related lncRNAs expression and 
clinicopathological characteristics in both high-risk and 
low-risk groups. We found dramatic differences between 
two groups in respect of grade (P<0.01), stage (P<0.05), and 
fustat (P<0.001; Figure 3).

Next, we evaluated the expression of the six immune-
related lncRNAs in Bca samples of different grades, stages, 
and TNM staging. The results revealed that the expression 
of lncRNA AL354919.2 was higher in lower grade tumors 
than in higher grade tumors (P<0.001), whereas other 
lncRNAs showed no significance differences with grade 
(Figure 4A). The expression of lncRNAs AC005674.2, 
AC011468.1, and AL354919.2 differed significantly with 
stage (P<0.05; P<0.05; P<0.01), while the other lncRNAs 
did not differ significantly with stage (Figure 4B). LncRNA 
AL354919.2 expression levels were associated with T stage 
(P<0.01) (Figure 4C). Notably, the expression levels of the 
six selected immune-related lncRNAs were not significantly 
associated with N and M stage (P<0.05; Figure 4D,E).

Construct nomogram for prognosis of Bca

In order to set up a suitable method for monitoring prognosis 
of patients with Bca, we combined clinicopathological 
characteristics (age, sex, grade, stage, and TNM staging) 
and risk score to construct a prognostic nomogram. Analysis 
revealed that the prognostic nomogram could better predict 
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the OS of Bca patients at 1, 3, and 5 years (Figure 5).

Functional enrichment analysis

To explore differences between high-risk and low-risk 
groups according to the expression profiles of IRGs, risk 
genes, and all genes (Figure 6A,B,C), PCA method was 
performed in this study(Figure 6A,B,C). However, the 
immune status of two groups displayed no significant 
difference when the all genes’ expression profiles were 
included in the analysis (Figure 6A). The low- and high-risk 
groups were differentiated by immune status when PCA 
was performed using the immune gene expression profiles 
(Figure 6B). The risk genes were distributed in different 
directions, demonstrating that immune response of patients 
with Bca in high-risk group was quite different from those 
patients in low-risk group (Figure 6C). The results of a 
KEGG analysis indicated that these genes were associated 
with various immune-related signaling pathways, such as the 
T cell receptor, Toll-like receptor (TLR), B cell receptor, 
and JAK-STAT signaling pathways (Table S2). GO analysis 
revealed that the genes selected from the module were 
enriched in the biological process of tumor immunity, 
including regulation of the Wnt signaling pathway, MHC 
protein complex, cytokine receptor activity, and cytokine 
binding (Table S3). We further validated the functional 
annotation using GSEA, and the above outcomes indicated 
that between the two groups differentially expressed genes 
were enriched in some immune-related pathways and 
biological processes, such as pathways in cancer and the 
MAPK and WNT signaling pathways (Figure 6D).

Discussion

Bca is one of the most immunogenic tumors, and its 
somatic mutation rate ranks third among cancers. Bca 
can evade immune-mediated elimination, even if in the 
case of antigen-specific immune cell infiltration, which 
leads to challenges in the clinical treatment of Bca (8). 
Accumulating studies have demonstrated that tumor 
microenvironment plays a vital part in the progression and 
development of cancers, and a dysfunctional immune state 
in the tumor microenvironment is a hallmark of cancer. In 
tumor immunoregulation, immune system plays a dynamic 
role. And recent studies have reported that lncRNAs 
play fundamental regulatory roles in various immune 
system processes, including immune cell differentiation 
and function, antigen release and presentation, immune 

https://cdn.amegroups.cn/static/public/TAU-20-1353-supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-20-1353-supplementary.pdf
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Figure 3 Effects of the clinicopathological variables and risk score on the prognosis of bladder cancer patients. Heat map showing the 
expression levels of the six immune-related lncRNAs and the distribution of clinicopathological variables between the low-risk and high-risk 
groups. *, P<0.05; **, P<0.01; ***, P<0.001.

activation, and immune cell migration (13,15,16). 
Therefore, IR-lncRNAs can be used as a potential target for 
tumor immunotherapy, which is valuable for evaluating the 
survival and prognosis of tumor patients (6,13).

In this study, a six gene signature was constructed by 
using IR-lncRNAs in the training cohort and further 
verified it in validation cohort. To identify prospective 
immune-related lncRNAs that are involved in Bca, we 
used a dataset of 393 samples. WGCNA was performed to 
identify 

We performed WGCNA to identify gene module 
closely associate with OS, and multivariate, univariate Cox 
regression, and LASSO analyses were utilized to establish 
an IR-lncRNAs gene signature from the candidate module. 
The Bca patients were divided into low-risk and high-risk 
groups. Patients in high-risk group displayed worse OS 
than patients in low-risk group both in the training and 
validation cohorts (P<0.0001). Our findings indicate that 
the risk score is closely related to malignant progression and 

poor prognosis. Six immune-related lncRNAs, AC005674.2, 
AC090948.1, TFAP2A-AS1, AL354919.2, AC011468.1, 
and AC018809.2, were considered to be prognostic factors 
for Bca based on their risk scores. ROC analysis showed 
that both in the training and validation cohorts, risk score 
had strong prognostic ability. We noted that risk score is 
an important predictor both in two sets, the mean AUC 
of 0.707–0.759. The risk scores with clinical feature was 
combined and a nomogram based on the two cohorts was 
constructed to ameliorate risk stratification and satisfy 
clinical need. The 1-, 3-, and 5-year OS of Bca patients 
could be predicted by the nomogram. ROC analysis 
indicated that the accuracy of prognosis was obviously 
enhanced by combining clinical parameters with risk 
score, and the average AUC value was 0.77 after 5 years of 
follow-up. Furthermore, the calibration plot showed good 
consistency between the predicted results and the observed 
results.

Immunotherapy has rapidly changed the treatment 
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course of various cancers, including renal carcinoma 
and lung cancer; it also has become a new strategy for 
the treatment of patients with Bca, particularly those 
with cancer that could not be controlled by first-line 
chemotherapy (17,18). All six immune-related lncRNAs 
(AC005674.2, AC090948.1, TFAP2A-AS1, AL354919.2, 
AC011468.1, and AC018809.2) in our signature were 
protective genes. Some of them were reported to be 
enrolled in multiple tumors. The present study suggested 
that TFAP2A-AS1 may serve as a tumor suppressor, and in 
breast cancer it was previously shown to be related to better 
prognosis. As was reported that TFAP2A-AS1 functioned 
as a miR-933 sponge, which degrades smad2 mRNA, and 
showed inhibitory effect on breast cancer cell invasion 
and proliferation (19). However, Jiang et al. reported that 
TFAP2A-AS1 high expression was associated with poor 
prognosis in clear cell renal cell carcinoma patients (20). We 
found that TFAP2A-AS1 was a protective factor for Bca, 
and the specific mechanism underlying the function of this 
gene in Bca requires further study. The mechanisms of the 
other five lncRNAs also have not been reported and thus 
require further study. It was worth noting that of the six 

analyzed immune-related lncRNAs, only AL354919.2 was 
found to be related to Bca grade and stage, suggesting that 
this gene is closely related to Bca prognosis and warrants 
further research.

In the bladder tumor microenvironment, various 
interconnected intrinsic and extrinsic immunoregulatory 
pathways have been identified, revealing new predictive 
tools and therapeutic targets (21). In our study, a signature 
comprising six immune-related lncRNAs was enrolled in 
the regulation of immune response of Bca. 

According to functional enrichment analysis, the genes 
in candidate modules were enriched in several immune-
related pathways, such as the JAK-STAT, TLR, and WNT 
signaling pathways. The JAK-STAT signaling pathway 
has been reported to mediate various immunomodulatory 
processes, including tumor-driven immune escape and 
tumor cell recognition (22). TLRs play crucial roles in both 
innate immunity and cancer therapy (23). The GSEA results 
showed that in high-risk group several immune-related 
pathways were enriched. We also found that the WNT 
signaling pathway was enriched in both analyses. Notably, 
the WNT signaling pathway can impact not only the 

A B

D E

C

Figure 4 Expression of six IR-lncRNAs at different grades and stages. (A,B) Differential expression of the six immune-related lncRNAs at 
high and low grades (A) and different stages (B). (C,D,E) Differential expression of the six immune-related lncRNAs at different T, N, and 
M stages. *, P<0.05; **, P<0.01; ***, P<0.001.
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Figure 5 Prognostic nomogram with clinicopathologic characteristics for bladder cancer. (A) 1-, 3-, and 5-year survival predicted in the 
nomographic chart; (B) 1-, 3-, and 5-year survival predicted by calibration plot of the nomographic chart; (C) 1-, 3-, and 5-year survival 
predicted by ROC curves in the nomographic chart.
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biology of (pre)malignant cells but also the ability of cancer 
cells to evade the immune system (24). Thus, we inferred 
that signaling pathway of WNT might play significant parts 
in Bca, simultaneously may be closely related to tumor 
immunity.

The results of our research provide possible targets 
for immunotherapy and markers for the prognostic 
evaluation of Bca and thus may improve the clinical efficacy 
of Bca treatment. Herein, we conducted a preliminary 
exploration of immune-related lncRNAs in Bca. However, 
our study had some limitations. In follow-up studies, we 
need to increase the sample size and verify the observed 
characteristics of additional Bca cases. In addition, the 
functions and mechanisms of these genes require further 
study. For clinical application, these findings need to 
be further validated by immunohistochemistry or flow 
cytometry. Despite these limitations, we described a 
signature of six immune-related lncRNAs that has not 
been studied previously and is tightly associated with the 
risk score, tumor status, immune response, and OS of Bca 
patients.

To conclude, we identified six immune-related lncRNAs 
that have prognostic value for Bca patients. Based on the 
median risk score, patients with Bca were separated into 
low-risk and high-risk groups, and they had different 
immune statuses. We hope that these immune-related 
lncRNAs will be useful as treatment targets and prognostic 
markers of Bca and provide new strategies for Bca 
immunotherapy.
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