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Background: Bladder cancer (BLCA) is a malignant tumor with a complex molecular
mechanism and high recurrence rate in the urinary system. Studies have shown that
pyroptosis regulates tumor cell proliferation and metastasis and affects the prognosis of
cancer patients. However, the role of pyroptosis-related (PR) genes or long non-coding
RNAs (IncRNAs) in BLCA development is not fully understood.

Methods: We comprehensively analyzed the molecular biological characteristics of PR genes
in BLCA, including copy number variation, mutations, expression and prognostic value based
on TCGA database. We then identified PR IncRNAs with prognostic value based on the
expression of PR genes and performed a consistent clustering analysis of 407 BLCA patients
according to the expression of prognosis-related PR INCRNAs and identified two clusters. The
least absolute shrinkage and selection operator (LASSO) regression was used to establish a PR
IncRNA signature and calculate the risk score associated with the prognosis of patients with
BLCA. Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene
Set Enrichment Analysis (GSEA) were used to evaluate the possible functions of PR INcRNA
signature. We also evaluated the relationship between the risk score and tumor immune
microenvironment (TIME).

Results: A total of 33 PR genes were obtained in our study and 194 prognosis-related PR
IncRNAs were identified. We also constructed a signature consisting of eight-PR-IncRNAs and
divided patients into high- and low-risk groups. The overall survival rate of patients with a high
risk was significantly lower than patients with a low risk. The risk score was significantly
correlated with the degree of infiltration of multiple immune cell subtypes and positively
correlated with multiple immune checkpoint genes expression in BLCA. Enrichment
analyses showed that these INncRNAs are involved in human immune regulatory functions
and immune-related pathways.

Conclusion: Our study comprehensively studied the molecular biological characteristics of PR
genes BLCA, and the eight-PR-INcRNA signature we identified might play a crucial role in tumor
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immunity and may be able to predict the prognosis of BLCA patients, providing a theoretical
basis for an in-depth study of the relationship between the prognosis and TIME.

Keywords: bladder cancer, pyroptosis, tumor immune microenvironment, IncRNA, prognosis

INTRODUCTION

Bladder cancer (BLCA) is the second-most common cause of
death from urological tumors, and the incidence is still on the rise
(Siegel et al, 2019). Non-muscle-invasive bladder cancer
(NMIBC) accounts for about 75% of all primary bladder
cancers. Unfortunately, 25% of cases have already developed
into muscle-invasive bladder cancer (MIBC) by the time of the
initial diagnosis (Kaufman et al, 2009). According to the
pathological characteristics of BLCA patients, the main clinical
treatments are surgery, radiotherapy, chemotherapy, bladder
irrigation therapy and combination therapy (Ghandour et al,
2019). However, 10-30% of patients with NMIBC progress to
MIBC after recurrence (Malmstrom et al., 2017), which has a high
risk of metastasis and a poor prognosis, with only a minority of
patients surviving more than 5years (Chou et al, 2016).
Immunotherapy is an emerging approach to oncology.
Immune checkpoint inhibitors (ICIs) effectively block the
escape of cancer cells from immune system surveillance, and
these agents have begun to change the treatment strategy for
BLCA. Recent studies have shown that infiltration of different
immune cells may affect the response to ICIs (Benitez et al,
2020). Moreover, long non-coding RNAs (IncRNAs) are closely
related to the effect of immunotherapy in BLCA, e.g., knockdown
of IncRNA UCAI significantly enhances the effect of immune
checkpoint PD-1 blockers (Zhen et al., 2018). BLCA has a
complex molecular biological mechanism, which is one of the
main reasons for the poor efficacy of most therapies, IncRNA
plays an important biological role in the progression, cell
proliferation and metastasis of BLCA, for example, LINC00958
can promote BLCA by targeting miR-490-3p and AURKA (Zhen
et al,, 2021). IncRNAs can also act as competitive endogenous
RNAs (ceRNAs) targeting snuclear factor-kappaB (NF-xB)-
activated miRNAs to promote tumor development (Mirzaei
et al,, 2021). In addition, IncRNAs are involved in BLCA drug
resistance and progression through various pathways (e.g. NF-«B,
PI3K/Akt, Wnt, FOXC2 and EZH2), which has important
implications for the treatment and prognosis of BLCA patients
(Barth et al., 2020; Ashrafizaveh et al., 2021; Mirzaei et al., 2022).
Therefore, the important role of IncRNA in BLCA has also been
gradually emphasized in recent years. The development of
genome sequencing and bioinformatics can help identify many
molecular biomarkers to guide the treatment of BLCA patients,
but only a few of these can be applied in a clinical setting (Zhang
et al,, 2021). Therefore, identifying the drivers and inhibitors of
bladder carcinogenesis and understanding their mechanisms are
essential for detecting new therapeutic targets and prolonging the
survival of BLCA patients.

Pyroptosis, also known as inflammatory necrosis, is a form of
programmed cell death involving cellular swelling until the cell
membrane ruptures. The release of cellular contents leads to an

intense inflammatory response (Loveless et al., 2021). Pyroptosis
is also an essential part of the body’s natural immune response
and plays a vital role in the fight against infection (Shi et al., 2017).
Gasdermin D (GSDMD) is a key effector molecule in the
occurrence process of pyroptosis. Under stimulation with
foreign substances, the intracellular pattern recognition
receptor (nucleotide-binding domain leucine-rich repeat
containing [NLR]) binds to the precursor of caspase-1 through
the junction protein ASC and then forms a multi-protein
complex to activate caspase-1. The activated caspase-1 then
cleaves GSDMD to form a peptide containing the active
domain of GSDM-NT, which induces the release of contents,
cell membrane perforation and cell rupture, causing an
inflammatory response. It also activates IL-1p and IL-18,
which are released from the cell to recruit inflammatory cells
and expand the inflammatory response (Broz et al., 2020; Liu
et al.,, 2021). Pyroptosis may participate in the formation and
development of tumors, and different tissues and genetic
backgrounds of pyroptosis may have different effects on
cancer. It can inhibit tumors but form a microenvironment
suitable for the growth of tumor cells and then promote
tumor growth (Xia et al, 2019). Studies have shown that
pyroptosis can impact tumor cell proliferation, invasion and
metastasis and further affect the cancer prognosis (Al Mamun
et al,, 2021). The expression of GSDMD in gastric cancer cells is
lower than that in non-cancer cells, and the low expression of
GSDMD promotes the proliferation of gastric cancer cells (Fang
etal., 2020). Abnormally up-regulated GSDMB can also enhance
the growth and invasive ability of bladder cancer cells (He et al.,
2021). In addition, pyroptosis regulates the tumor immune
microenvironment (TIME) and is involved in the body’s
immune response to tumors (Xi et al, 2019; Zhang et al,
2020). It has been proven that tumor pyroptosis can enhance
tumor immunogenicity by attracting more anti-tumor
lymphocytes and reconstruct the local or systemic anti-tumor
immunity by reversing the immunosuppressive
microenvironment around tumor cells (Tan et al, 2021).
Therefore, ‘inducing tumor pyroptosis’ is considered a
potential cancer treatment strategy. Interestingly, IncRNAs are
also mediators of cancer pyroptosis (Chen et al., 2020; Tang et al.,
2021). However, the clinical significance of most pyroptosis-
related (PR) IncRNAs has not been clearly investigated.

With the deepening of research in pyroptosis, an increasing
number of PR genes have been identified. A PR signature has also
been identified in various types of tumors, such as ovarian cancer
(Ye et al, 2021), gastric cancer (Shao et al., 2021) and lung
adenocarcinoma (Lin et al., 2021). Moreover, PR genes signatures
have been established to predict the prognosis of patients with
BLCA (Chen et al., 2021; Fu and Wang, 2022). Several studies
have recently suggested that PR long non-coding RNAs
(IncRNAs) may also participate in the formation and
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development of tumors. miRNA-214 was reported to inhibit the
occurrence of glioma cells by directly targeting caspase-1 (Jiang
et al,, 2017). LncRNA GAS5 overexpression may also induce
caspase-1 upregulation and promote pyroptosis in ovarian cancer
cells (Li et al,, 2018). At present, PR IncRNAs signatures also have
been gradually developed in tumor research to predict the TIME
changes and prognosis of tumor patients. Fada et al. (Xia et al,,
2021) developed a 15 prognostic PR IncRNAs risk model to
predict colon adenocarcinoma patients’ prognosis and TIME
changes; Similar models have been developed in other tumor
types, such as hepatocellular carcinoma (Wu et al., 2021) and
kidney renal clear cell carcinoma (Tang et al., 2021). However, at
present, few published PR IncRNAs signatures can be used to
predict TIME changes and prognosis in patients with BLCA. The
role and prognostic value of PR IncRNAs in BLCA have not been
clarified.

In the present study, we comprehensively evaluated the
molecular characteristics of these PR genes in BLCA and then
identified PR IncRNAs with prognostic value based on the
expression of PR genes. We performed a consistent clustering
analysis of BLCA patients according to the expression of
prognosis-related PR IncRNAs and identified two clusters.
Based on these findings, the least absolute shrinkage and
selection operator (LASSO) regression was used to establish a
PR IncRNA signature and calculate the risk score associated with
the prognosis of patients with BLCA. We also evaluated the
relationship between the risk score and TIME. This study assesses
the link between pyroptosis and TIME in BLCA, as well as
provides a new reference to predict the prognosis of BLCA
patients and identify personalized treatment strategies.

MATERIALS AND METHODS

Acquisition of Data From Patients With

Bladder Cancer

We obtained BLCA transcriptome, gene mutation data and
clinical data from the TCGA database (https://portal.gdc.
cancer.gov/). The mRNA and IncRNA expression profile data
were derived from 414 BLCA tissues and 19 normal tissues, and
gene mutation data samples were derived from 411 BLCA tissues.
Gene copy number variation data were obtained from the UCSC
database (https://xenabrowser.net/datapages/), including 413
BLCA samples. The clinical data are shown in Supplementary
Table S1, we extracted clinical data from 412 patients. Samples
without complete clinical information will be excluded in the
subsequent clinical correlation analysis.

Analyses of Molecular Characteristics of
Pyroptosis-Related Genes in Bladder
Cancer

The 33 PR genes were shown in Supplementary Table S2, and
these genes have been proved to be associated with pyroptosis in
previously published studies (Man and Kanneganti, 2015; Wang
and Yin, 2017; Karki and Kanneganti, 2019; Xia et al., 2019; Chen
et al., 2021). We extracted the expression data of 33 PR genes
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from the BLCA transcriptome data. Using the limma package for
the differential expression analysis, we extracted the copy number
variation data of 33 PR genes from the data obtained from the
UCSC database. We then counted the frequency of copy number
variation of these genes in all samples. The RCircos package was
used to visualize the change information of gene copy numbers.
Similarly, we used the maftools package to analyze the mutation
data of 33 PR genes from the mutation data obtained from the
TCGA database and counted the mutation frequencies.

We used the Search Tool for Interaction Genes (STRING)
database (https:/string-db.org/cgi/input.pl) to construct PPI
networks for differentially expressed PR genes and used the
OncoLnc online analysis tool (http://www.oncolnc.org/) to
perform a prognostic analysis of these genes. The OncoLnc
tool can be used to analyze the correlation between mRNA,
miRNA or IncRNA expression and the prognosis of patients
with specific types of tumors based on the prognostic data of the
TCGA database (Anaya, 2016).

Identification of Pyroptosis-Related
IncRNAs

We removed the samples with incomplete survival data, and 407
BLCA samples remained after merging with the PR IncRNA
expression matrix. The co-expression method based on the
expression of 33 PR genes was used to identify PR IncRNAs. A
total of 812 PR IncRNAs were identified according to the criteria |
correlation coefficient| > 0.4 and p < 0.01. The Igraph package
was used to visualize the co-expression network. A univariate Cox
regression analysis was performed to screen prognosis-related PR
IncRNAs at p < 0.05.

Analyzing the Correlation Between Tumor

Clusters and Clinical Features

The ConsensusClusterPlus packet is an algorithm that can
identify cluster members and their number in datasets (such
as microarray gene expression profiles) (Wilkerson and Hayes,
2010). A consistent clustering analysis was used to determine the
optimal number of clusters (k) and verify the clustering
rationality by a resampling-based approach to assess the
stability of the clusters. We used this package to perform a
consistent clustering analysis based on the prognosis-related
PR IncRNA expression matrix and then performed a
prognostic correlation analysis of BLCA clusters. The degree
of immune cell infiltration in BLCA was evaluated using the
CIBERSORT algorithm (Newman et al., 2015). The results of the
correlation analysis between the BLCA clusters and immune cell
infiltration were considered significant at p < 0.05.

Construction of Pyroptosis-Related IncRNA

Signature

The BLCA patients were randomly divided into training and
testing groups in a 1:1 ratio using the caret R package. The
expression matrix of PR IncRNAs was combined with the
prognosis data of the patients. A LASSO regression analysis
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was used to develop a PR IncRNA signature in the training group.
The testing and entire groups were used to verify the established
signature. The risk score of each BLCA patient was calculated
according to the following formula:

Risk score = coefficient (IncRNA;) x expression
(IncRNA;) + coefficient (IncRNA,) X expression
(IncRNA,) + coefficient (IncRNAj3;) X expression
(IncRNA3;) + ... + coefficient (IncRNA,) x
expression (IncRNA,).

The BLCA patients in all groups were then identified as high-
and low-risk patients based on the median risk score obtained
from the training group.

Analyzing the Prognostic Efficacy of the
IncRNA Signature in Bladder Cancer

To determine whether or not the prognosis of the signature
was independent of other clinical variables, univariate Cox
and multivariate Cox regression analyses were used to
calculate the values of the risk and other clinical features in
predicting the prognosis of patients. The time-dependent
receiver operating characteristic (ROC) curve was plotted
using the survROC package. The area under the curve
(AUC) at one, three and 5years was calculated to
determine the accuracy and specificity of the signature in
predicting the prognosis.

Analyzing the Correlation Between Risk

Score and Other Factors

We analyzed the correlation between the patients’ clinical
characteristics (including age, gender, grade and stage), tumor
clusters and risk score. The expression of tumor immune
checkpoint genes (ICGs) PD-1, PD-L1, PD-L2, CTLA-4,
LAG3, CD47, CD4, CD8A and IDO1 in BLCA was
obtained from the expression profile. The correlation
between the risk score and ICGs was then analyzed. The
principal component analysis (PCA) of risk in all BLCA
patients was performed using the Rtsne R package to
determine whether or not the signature could distinguish
between high- and low-risk patients based on the
expression of eight IncRNAs.

A Gene Set Enrichment Analysis and Gene

Enrichment Analysis

To understand the pathways that differ between the two clusters
of BLCA in this study, a GSEA analysis among BLCA clusters was
performed using the GSEA 4.1.0 software program, and the
results of the pathway analysis were considered significant at a
false discovery rate (FDR) of <0.05. To understand the functions
and pathways that may be involved in differentially expressed
genes between high- and low-risk BLCA, the samples were
divided into high- and low-risk groups and then subjected to a
gene differential expression analysis. The screening criteria for
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differentially expressed genes (DEGs) were FDR <0.05 and |log
fold change (FC)| > 1. After obtaining DEGs, the DAVID 6.8
database (https://david.ncifcrf.gov/) was used to perform GO and
KEGG analyses. All analysis results were considered significant at
FDR <0.05.

Statistical Analysis

Kaplan-Meier method was used to analyze the prognosis, and the
Log rank test was used to determine the difference. The
correlation between the two variables was tested by Spearman
correlation analysis. Wilcoxon test was used to analyze the
differences between high- and low-risk groups. The results of
the above statistical analysis were considered significant at p <
0.05. Statistical analyses were performed using R software
(version 4.1.2).

RESULTS

Molecular Characterization of
Pyroptosis-Related Genes and
Identification of Pyroptosis-Related
IncRNAs in Bladder Cancer

We extracted the expression data of 33 PR genes and analyzed
the differences in the expression between normal and tumor
tissues. We found that ELANE, IL6, NLRP1 and NLRP3 had a
low differential expression in BLCA; however, AIM2, CASP3,
CASP5, CASP6, CASP8, GPX4, GSDMB, GSDMD, NLRP2,
NLRP7, PLCGl1 and PYCARD had a high differential
expression in BLCA (Figure 1A). The univariate Cox
regression analysis results showed that GSDMB, CASP9,
AIM2, CASP6, CASP8, CASP1 and GSDMD were
significantly correlated with the prognosis and were
protective factors (Figure 1B). The copy number variation
analysis results showed that the copy number changes were
consistent with their expression (Figure 1C), with the main
copy number changes of AIM2, GSDMC, GSDMD, NLRP7
and NLRP2 showing amplication (gain), and these genes were
also highly expressed in BLCA. A mutation analysis identified
the three genes (SCAF11, NLRP2 and NLRP7) with the highest
mutation rates (Figure 1D).

To clarify the relationships between the roles of pyroptosis
genes, we performed a PPI network analysis. We found that
PYCARD had the most network nodes, suggesting a possible
crucial regulatory role of PYCARD in BLCA (Supplementary
Figures S1A-S1B). A Kaplan-Meier survival analysis showed
that the expression of GSDMB and GSDMD was significantly
correlated with the survival of patients, and the prognosis of
patients with a high expression was better than that of patients
with a low expression (Figures 1E,F).

According to the criteria |correlation coefficient| > 0.4 and p <
0.01, a total of 812 PR IncRNAs were identified from the TCGA
BLCA expression profile data, and the co-expression network of PR
genes/IncRNAs was plotted (Supplementary Figure S1C). The
prognosis-related PR IncRNAs were screened using a univariate
Cox regression analysis, and 194 prognosis-related PR IncRNAs
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were obtained (Supplementary Figure S1D). These prognosis-
related PR IncRNAs were identified for subsequent research.

Results of Consistent Clustering Analysis of
BLCA Based on Pyroptosis-Related
IncRNAs

A consensus clustering algorithm was used to classify groups of
BLCA patients based on the expression of prognosis-related PR

IncRNAs. The k = 2-9 cumulative distribution function (CDF)
representing the clustering counts. k = 2 was determined as the
optimal clustering parameter based on the similarity of the expression
of prognosis-related PR IncRNAs and the ratio of the fuzzy clustering
metric. The 407 BLCA patients with complete survival information
were divided into 2 clusters: cluster 1 (n = 122) and cluster 2 (n = 285)
(Figure 2A; Supplementary Table S3).

The infiltration level of 23 immune cell subtypes in each sample of
BLCA was calculated using the CIBERSORT algorithm. The
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correlation analysis results between BLCA subtypes and infiltration
level of immune cells showed significant differences in T cells CD4"
memory activated, T cells regulatory (Tregs), Plasma cells,
Macrophages M1 and Neutrophils between different clusters (p <
0.05, Figure 2B). The overall survival of both clusters was calculated
by the Kaplan-Meier method, and cluster one had a better prognosis
than cluster 2 (p = 0.002, Figure 2C). In the GSEA analysis, we used
FDR <0.05 as a filter and found that mainly the following pathways
were activated between the two clusters: cell adhesion molecules cams,
cell cycle, complement and coagulation cascades, cytokine-cytokine
receptor interaction, DNA replication, ECM receptor interaction, focal
adhesion and the p53 signaling pathway (Figure 2D).

In addition, we also analyzed the expression of ICGs among
different clusters. The expression of all ICGs in cluster two was
significantly higher than in cluster 1 (Figures 2E-M). It means
that patients in cluster two are more likely to benefit from
immunotargeted therapy.

Development of a PR IncRNA Signature

We then evaluated the reliability of PR IncRNAs for predicting the
prognosis of patients. The BLCA patients were randomly divided
into training (n = 204) and testing groups (n = 203). Eight significant
IncRNAs were identified in the training group using a LASSO
regression analysis: AC021321.1, LINCO00426, STAG3L5P-
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FIGURE 4 | Performance validation of the eight-PR-IncRNA signature. (A), A heat map of the survival status and INcRNA expression in high- and low-risk patients in

the testing group. (B), A heat map of the survival status and INcRNA expression in high- and low-risk patients in the entire group. (C), An analysis of the overall survival of
high- and low-risk patients in the testing group. (D), An analysis of the overall survival of high- and low-risk patients in the entire group. (E), An assessment of the
sensitivity and specificity of the prognostic prediction of the eight-PR-INcRNA signature in the testing group. (F), An assessment of the sensitivity and specificity of

the prognostic prediction of the eight-PR-IncRNA signature in the entire group.
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PVRIG2P-PILRB, SNHG16, NR2F2-AS1, AC068196.1, RBMS3-
AS3 and AC104825.1. The corresponding coefficient for each
IncRNA was then obtained (Figures 3A,B). Risk scores were
calculated for the training, testing and entire groups, as follows:

Risk score = -0.006334916 x expr (AC021321.1) - 0.123481702
x expr (LINC00426) - 0.095912859 x expr (STAG3L5P-
PVRIG2P-PILRB) + 0.0163094 x expr (SNHGI16) +
0.835268684 x expr (NR2F2-AS1) - 1.751229658 x expr
(AC068196.1) + 0.095237679 x expr (RBMS3-AS3) -
0.042537256 x expr (AC104825.1).

The IncRNAs with positive coefficients in the formula are risk
factors (SNHG16, NR2F2-AS1 and RBMS3-AS3), while the
IncRNAs with negative coefficients are protective factors
(AC021321.1,  LINCO00426,  STAG3L5P-PVRIG2P-PILRB,
AC068196.1 and AC104825.1).

The training group’s median risk score (0.8531) was used as
the cut-off value, and patients were identified as low- and high-
risk patients based on this cut-off value. The results in Figure 3C
revealed that the patients with a high risk might have a poor
prognosis. The OS analysis of the two groups showed that the OS
of the high-risk group was significantly lower than that of the low-
risk group (p < 0.001, Figure 3D). We used a time-dependent
ROC curve to test the sensitivity and specificity of the diagnostic
risk characteristics. In the training group, the AUC for predicting
the patient survival at 1 year was 0.777, the AUC for predicting
the survival at 3 years was 0.764, and the AUC for predicting the
survival at 5 years was 0.767 (Figure 3E).

Validation of the Signature in Other Groups
We then validated the predictive efficacy of the eight-PR-IncRNA
signature in the testing and entire groups. The patients in these two
groups were identified as high- and low-risk patients using the same
methods. Figure 4A and Figure 4B show the relationship between the
risk score and survival status in the two groups, respectively, and all
results were consistent with the training group. Figures 4C-D show
the prognostic differences between the high- and low-risk patients in
the testing and entire groups, respectively. These results were also
consistent with the training group. The overall survival of the high-risk
group was significantly lower than that in the low-risk group (p <
0.001). The time-dependent ROC curve in the testing group is shown

in Figure 4E, and the time-dependent ROC curve in the entire group
is shown in Figure 4F; all of them obtained an ideal AUC value.

We used a PCA analysis to examine the distribution patterns
of the eight PR IncRNAs based on the expression profiles of all
BLCA patients. The PCA analysis results suggested that the eight-
PR-IncRNA signature could divide BLCA patients into high- and
low-risk populations (Figures 5A-C).

Correlation Between the Eight-PR-IncRNA
Signature and Clinical Features

The univariate and multivariate Cox analyses were used to analyze
the performance of the signature in the training, testing and entire
groups to identify independent factors for the overall survival (OS).
The results of the three groups showed that risk was an independent
factor associated with a poor prognosis in BLCA patients (p < 0.05;
Figures 6A-F). The same analysis was performed in the entire
group. The heat map visualized the differences in the expression of
eight selected PR IncRNAs between the high- and low-risk groups
and annotated clinical information (Figure 6G). Cluster two had a
significantly higher risk than cluster 1 (p < 0.001, Figure 6H),
consistent with the previous OS analysis results. In addition, the risk
score of a high grade for BLCA was significantly higher than that of
low-grade disease (Figure 6I). The same results were also obtained
for the stage (p < 0.001, Figure 6]), T stage (p < 0.001, Figure 6L)
and N stage (p = 0.0015, Figure 6M). However, there was no
significant difference between the high- and low-ImmuneScore
groups (p = 0.051, Figure 6K).

A prognostic analysis of high- and low-risk patients in specific
clinical characteristics subgroups (age, gender, grade, stage, T, M
and N) showed that the prognosis of high-risk patients was poor
in all clinical characteristics subgroups, except for the low-grade
and M1 subgroups (Figure 7).

Correlation Between Risk Score and Tumor
Immunity

To understand the relationship between the risk score and the TIME
of BLCA, we analyzed the correlation between the risk score and the
infiltration level of 23 immune cell subtypes, with the results shown
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FIGURE 6 | An independent prognostic analysis of the eight-PR-INcRNA signature and a correlation analysis between the risk score and clinical characteristics. (A)
Univariate Cox regression analysis in the training group. (B), Multivariate Cox regression analysis in the training group. (C) Univariate Cox regression analysis in the testing
group. (D) Multivariate Cox regression analysis in the testing group. (E) Univariate Cox regression analysis in the entire group. (F) Multivariate Cox regression analysis in
the entire group. (G) Heat map of the INcRNA expression and clinicopathological features in high- and low-risk patients. p < 0.05 (*), p < 0.01 (**) and p < 0.001 (**).

(H), The distribution of risk score in the two groups of consistent clustering resullts. (I-J), The distribution of risk score by grade and stage of BLCA. (K), The distribution of
risk score in the ImmuneScore-high and ImmuneScore-low groups. (L), The distribution of risk score by T stage. (M), The distribution of risk score by N stage.
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in Figure 8A. Interestingly, there was a degree of heterogeneity in the
levels of B-cell, T-cell, NK-cell and Dendritic cell infiltration between
the high-risk and low-risk groups. We also examined the correlation
between the risk score and the expression of ICGs, and the results
showed that the risk score was significantly positively correlated with
multiple ICGs (p < 0.05; Figures 8B-J).

Expression and Function Analysis of the

Eight IncRNAs in the Signature

We also evaluated the expression of eight IncRNAs in BLCA. The
results showed that the expression of LINC00426, NR2F2-ASl1,
RBMS3-AS3 and AC104825.1 in BLCA tissue was lower than
that in normal tissues, while the expression of AC021321.1,
STAG3L5P-PVRIG2P-PILRB, SNHGI16 and AC068196.1 in
BLCA tissue was higher than that in normal tissues (Figures
9A,B). Figure 9C demonstrates the regulatory relationship
between these IncRNAs and PR genes. In addition, we also
analyzed the expression correlation between the ICGs and
IncRNAs in the signature. We found that AC021321.1,
AC104825.1, AC068196.1 had a negative correlation with all
ICGs, while LINC00426 had a positive correlation with all ICGs
(p < 0.05; Figure 9D). To understand the possible function and
mechanism of these eight IncRNAs in BLCA, we used a co-
expression method to find the protein-coding genes (PCGs) of

these eight IncRNAs, and the screening criteria were |Pearson
correlation coefficient| > 0.4 and p < 0.001 (Gao et al, 2019). A
total of 3141 PCGs were obtained, and these PCGs were submitted to
the functional enrichment analysis using the DAVID database with
FDR <0.05. GO enrichment results showed that these PCGs were
mainly enriched in human immune response functions, such as the
immune response (BP), inflammatory response (BP), T cell
costimulation, regulation of immune response (BP), MHC class II
protein complex (CC), T cell receptor complex (CC), immunological
synapse (CC), cytokine receptor activity (MF) and MHC class 1I
receptor activity (MF) (Figure 9E). The KEGG pathway enrichment
analysis showed that these genes were also mainly enriched in
immunomodulatory  pathways, such as cytokine—cytokine
receptor interaction, T cell receptor signaling pathway, B cell
receptor signaling pathway and natural killer cell mediated
cytotoxicity (Figure 9F).

Results of a Functional Analysis Between
High- and Low-Risk Groups and
Construction of a Nomogram

We also analyzed the functions and pathways involved in the
DEGs in high- and low-risk groups. According to the screening
criteria |logFC| > 1 and FDR <0.05, a total of 1017 DEGs were
screened. Immune-related functions were found in the GO analysis
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FIGURE 9 | Expression and functional analyses of I\cRNAs in the signature. (A,B), An expression analysis of the eight INcRNAs in BLCA tissues and normal tissues

p < 0.05(), p < 0.01(**) and p < 0.001(**). (C), The regulatory relationship between the INcRNAs in the signature and PR genes. (D), An analysis of the correlation
between the immune checkpoint genes and the eight INcRNA expression (dotted frame). (E), Results of a GO enrichment analysis of the protein-coding genes (PCGs).
(F), Results of a KEGG analysis of PCGs.

results, including inflammatory response (BP) (Supplementary = and Weinberg, 2011). Pyroptosis is a type of programmed cell
Figure S2A), and the KEGG enrichment analysis also identified ~ death in inflammation mediated by GSDM (Lu et al., 2021). Our
immune-related pathways, such as cytokine-cytokine receptor  findings found that patients with high GSDMD and GSDMB
interaction (Supplementary Figure S2B). expression had a better prognosis, and the results of the GSDMD
To facilitate the clinical use of our signature to predict the  analysis were consistent with previously published studies (Fang
prognosis of BLCA patients, we also developed a nomogram et al.,, 2020). However, the better prognosis of patients with high
including risk classification and clinical risk characteristics to =~ GSDMB expression seems to contradict previous studies finding
predict the one-, three- and 5-year OS (Figure 10A). The risk  that high expression of this gene in bladder cancer promotes
scores of the prognostic signature had superior predictive  tumor cell proliferation (He et al, 2021). Currently, there is
power to other clinical factors. The calibration plots showed  controversy regarding the role of GSDMB in tumors. GSDMB is
that the observation and prediction rates of the OS had ideal  also involved in pyroptosis, it can promote atypical pyroptosis by
consistency (Figures 10B-D). enhancing the activity of caspase-4 and has the function of
inhibiting the proliferation of tumor cells (Li et al., 2020). It is
still not clear whether the GSDMB protein cleaved by caspase-3/-
DISCUSSION 6/-7 is involved in pyroptosis. Our results further confirm that the
role of GSDMB in tumorigenesis is controversial, indicating that

BLCA is a tumor of the urinary system with a high incidence. Dueto ~ GSDMB has great research value in future research.
its complex pathogenesis, there are several different genetic subtypes Human genome sequencing data has shown that most RNA
of tumors, and these subtypes may have different therapeutic  transcripts of non-protein-coding origin are transcribed from more
responses to the same treatment. If not correctly treated, BLCA  than 90% of the human genome (Mattick and Makunin, 2006). With
can have a high morbidity and mortality (Kamat et al., 2016). turther research, more studies have shown that IncRNAs also play an
Cell death is a common topic in life science. Tumor cells have  essential role in the development and malignant progression of BLCA
the ability to escape cell death contributes to the origin of tumors. ~ (Li et al., 2020). It has been reported that IncRNAs are involved in the
This ability also plays a crucial role in acquiring treatment  pathological processes of various diseases through direct or indirect
resistance, developing recurrence and metastasizing (Hanahan  actions on proteins related to the pyroptosis signaling pathway (He
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et al,, 2020). The release of cytokines produced by pyroptosis changes
the TIME and promotes the growth of tumors by evading immune
surveillance (Loveless et al.,, 2021). However, at present, there are few
PR IncRNA signatures have been developed for BLCA.

We identified 812 PR IncRNAs based on the expression of
33 PR genes, and 194 prognosis-related PR IncRNAs were
screened by a univariate Cox regression analysis. The BLCA
cohort was then divided into two clusters based on the
prognosis-related PR IncRNAs expression using consistent
clustering. We found that the degree of infiltration of some
immune cells differed significantly among clusters. The
expression of the ICGs in cluster two was considerably higher
than that in cluster 1, suggesting that patients in cluster two were
more likely to have tumor immune escape and benefit from ICI
therapy. In addition, the OS of cluster one was better than that of
cluster 2, and the tumor grade of cluster one was also lower than
that of cluster 2. The results of a GSEA analysis suggested that the
following pathways were related to tumor development and

metastasis: cell adhesion molecules cams (Cohen et al., 1997;
Zhou et al., 2021), cell cycle (Li et al., 2021), cytokine-cytokine
receptor interaction (Tang et al., 2020), focal adhesion (Tong
et al,, 2022) and p53 signaling pathway (Jiao et al., 2020). These
results suggest a potential relationship between PR IncRNAs and
the progression of BLCA. Consistent cluster analyses based on the
PR IncRNA expression may help improve the efficacy of
immunotherapy for BLCA.

We next applied LASSO regression to the training group to
construct eight-PR-IncRNA  signature (including AC021321.1,
LINC00426, STAG3L5P-PVRIG2P-PILRB, SNHG16, NR2F2-AS],
AC068196.1, RBMS3-AS3 and AC104825.1). LncRNAs play an
integral role in human epigenetic regulatory mechanisms. They
participate in  biological ~ processes  through  epigenetic,
transcriptional, post-transcriptional and translation regulatory
targets, including cell growth, metastasis and apoptosis (Mirzaei
et al, 2021, 2022). Their dysfunction is closely related to
tumorigenesis (Han et al,, 2020; Shigeyasu et al,, 2020). Previous
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studies have shown that LINC00426 and SNHGI16 can promote
tumor development and participate in the regulation of TIME (Chen
et al, 2020; Tao et al, 2020). LINC00426 and SNHGI16 play an
important role in the occurrence and development of tumors (Li et al.,,
2020; Wan et al,, 2022). NR2F2-AS1 can down-regulate the expression
of PDCD4 and inhibit the development of gastric cancer through
competitive binding with miR-320b, it can also inhibit miR-494
methylation to regulate oral squamous cell carcinoma cells
proliferation (Liang et al, 2022; Luo et al., 2022). Overexpression
of RBMS3-AS3 inhibits cell proliferation, migration, invasion,
angiogenesis and tumorigenicity of prostate cancer by up-
regulating VASH1 (Jiang et al, 2020). The published evidence
mentioned above suggests that these PR IncRNAs we identified are
indeed associated with tumor development. While other IncRNAs
AC021321.1, STAG3L5P-PVRIG2P-PILRB, AC068196.1 and
AC104825.1 in our signature have not been reported in any
published tumor studies, all were studied for the first time in our
study. Our findings may provide evidence for future studies of these
IncRNAs.

In the verification group, the signature also showed the same
predictive performance as the training group. The OS analysis results
indicated that an eight-PR-IncRNA signature could predict the
survival rate of BLCA patients to some extent. We also found that
risk score from eight-PR-IncRNA signature was an independent
prognosis factor for BLCA patients. Patients with high-grade
disease had a higher risk score than those with low-grade disease,
and the same results were obtained between clusters 1 and 2, which
was consistent with the conclusion that the OS of cluster one was
better than that of cluster 2. The results of the risk score and ICGs
correlation analysis suggested that patients with a high risk were more
likely to experience tumor immune escape and benefit more from ICI
therapy than others (Gao et al., 2020). Our results were consistent with
the published results that pyroptosis can also increase the efficiency of
tumor immunotherapy by recruiting immune cells and activating the
immune system, its anti-tumor effect is also closely related to multiple
ICGs (such as PD-1 or PD-L1) (Li et al., 2021).

To understand the possible function of these eight IncRNAs in
BLCA, we used the co-expression method to find the co-expressed
PCGs of the eight IncRNAs. The results of PCGs functional
enrichment suggested that these eight IncRNAs may have
immunomodulatory functions. Similarly, the enrichment analysis
of genes that were differentially expressed between the high- and
low-risk groups also found immune-related processes and pathways,
such as inflammatory response (BP) and cytokine-cytokine receptor
interaction (KEGG) (Bao and Cao, 2016). Furthermore, we also
developed a nomogram containing risk classification and clinical risk
characteristics to facilitate the clinical development and utilization of
our findings (Iasonos et al., 2008). All these findings establish a close
association between PR IncRNAs and the prognosis of BLCA
patients as well as changes in TIME. The shortcoming of this
study was the lack of IncRNA expression data from other sources
for external validation, this is because we cannot find a suitable
dataset containing these eight IncRNAs probes in other source
datasets. Therefore, further external validation is needed to verify
the reliability of the signature, and experimental validation of the role
of these IncRNAs in BLCA cells should also be performed in the
future.

Pyroptosis-Related INcRNA Signature for BLCA

CONCLUSIONS

Our study systematically evaluated the molecular biological
characteristics and prognostic value of PR genes/IncRNAs in
BLCA and identified an eight-PR-IncRNA signature (including
AC021321.1, LINC00426, STAG3L5P-PVRIG2P-PILRB,
SNHG16, NR2F2-AS1, AC068196.1, RBMS3-AS3 and
AC104825.1) related to the prognosis of BLCA patients. We
also analyzed the role of this signature in the TIME and its
potential regulatory mechanisms, which provides an essential
basis for future studies concerning the relationship between PR
IncRNAs and BLCA immunity. Our findings will also help
identify novel prognostic biomarkers and therapeutic targets
for BLCA.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can
be directed to the corresponding author.

AUTHOR CONTRIBUTIONS

XG collected and assembled of data, analysed the data,
prepared figures and/or tables, authored or reviewed drafts
of the paper, and approved the final draft. JC conceived and
designed the experiments, performed the experiments,
authored or reviewed drafts of the paper, and approved the
final draft.

FUNDING

This work was supported by the National Key R&D Program
of China (2018YFC2000300), the Hunan Provincial Natural
Science Foundation of China (2021]J40427) and The School-

level scientific research project of Jishou University
(Jdlc2021).
ACKNOWLEDGMENTS

We thank the Cancer Genome Atlas (TCGA) database for its
public datasets used in our study. XG would like to thank himself
for his efforts over the years, and even if he is walking all alone in
his doctoral career, he will make it through the darkness and live a
life that’s filled with the stories to be told.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fgene.2022.865204/
full#supplementary-material

Frontiers in Genetics | www.frontiersin.org

April 2022 | Volume 13 | Article 865204


https://www.frontiersin.org/articles/10.3389/fgene.2022.865204/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2022.865204/full#supplementary-material
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

Gao and Cai

REFERENCES

Al Mamun, A., Mimi, A. A,, Aziz, M. A., Zaeem, M., Ahmed, T., Munir, F,, et al.
(2021). Role of Pyroptosis in Cancer and its Therapeutic Regulation. Eur.
J. Pharmacol. 910, 174444. doi:10.1016/j.ejphar.2021.174444

Anaya, J. (2016). OncoLnc: Linking TCGA Survival Data to mRNAs, miRNAs, and
IncRNAs. Peer] Comp. Sci. 2, e67. doi:10.7717/peerj-cs.67

Ashrafizaveh, S., Ashrafizadeh, M., Zarrabi, A., Husmandi, K., Zabolian, A,
Shahinozzaman, M., et al. (2021). Long Non-coding RNAs in the
Doxorubicin Resistance of Cancer Cells. Cancer Lett. 508, 104-114. doi:10.
1016/j.canlet.2021.03.018

Bao, Y., and Cao, X. (2016). Epigenetic Control of B Cell Development and B-Cell-
Related Immune Disorders. Clinic Rev. Allerg Immunol. 50, 301-311. doi:10.
1007/s12016-015-8494-7

Barth, D. A, Juracek, J., Slaby, O., Pichler, M., and Calin, G. A. (2020). IncRNA and
Mechanisms of Drug Resistance in Cancers of the Genitourinary System.
Cancers 12, 2148. doi:10.3390/cancers12082148

Benitez, J. C., Remon, J., and Besse, B. (2020). Current Panorama and Challenges
for Neoadjuvant Cancer Immunotherapy. Clin. Cancer Res. 26, 5068-5077.
doi:10.1158/1078-0432.CCR-19-3255

Broz, P., Pelegrin, P., and Shao, F. (2020). The Gasdermins, a Protein Family
Executing Cell Death and Inflammation. Nat. Rev. Immunol. 20, 143-157.
doi:10.1038/s41577-019-0228-2

Chen, W., Jiang, T., Mao, H., Gao, R, Zhang, H., He, Y., et al. (2020). SNHG16
Regulates Invasion and Migration of Bladder Cancer through Induction of
Epithelial-To-Mesenchymal Transition. Hum. Cel 33, 737-749. d0i:10.1007/
s13577-020-00343-9

Chen, W., Zhang, W, Zhou, T., Cai, J., Yu, Z., and Wu, Z. (2021). A Newly Defined
Pyroptosis-Related Gene Signature for the Prognosis of Bladder Cancer. Iigm
Vol. 14, 8109-8120. doi:10.2147/]JGM.S337735

Chen, X., Chen, H.,, Yao, H., Zhao, K., Zhang, Y., He, D,, et al. (2021). Turning up
the Heat on Non-immunoreactive Tumors: Pyroptosis Influences the Tumor
Immune Microenvironment in Bladder Cancer. Oncogene 40, 6381-6393.
doi:10.1038/s41388-021-02024-9

Chen, Z., He, M., Chen, J,, Li, C,, and Zhang, Q. (2020). Long Non-coding RNA
SNHG?7 I-nhibits NLRP3-dependent P-yroptosis by T-argeting the miR-34a/
SIRT1 axis in L-iver C-ancer. Oncol. Lett. 20, 893-901. doi:10.3892/01.2020.
11635

Chou, R,, Selph, S. S., Buckley, D. I, Gustafson, K. S., Griffin, J. C., Grusing, S. E.,
et al. (2016). Treatment of Muscle-Invasive Bladder Cancer: A Systematic
Review. Cancer 122, 842-851. doi:10.1002/cncr.29843

Cohen, M. B,, Griebling, T. L., Ahaghotu, C. A., Rokhlin, O. W, and Ross, J. S.
(1997). Cellular Adhesion Molecules in Urologic Malignancies. Am. J. Clin.
Pathol. 107, 56-63. doi:10.1093/ajcp/107.1.56

Dyugay, 1. A., Lukyanov, D. K, Turchaninova, M. A., Serebrovskaya, E. O.,
Bryushkova, E. A., Zaretsky, A. R, et al. (2022). Accounting for B-Cell
Behavior and Sampling Bias Predicts Anti-PD-L1 Response in Bladder
Cancer. Cancer Immunol. Res. 10, 343-353. doi:10.1158/2326-6066.CIR-21-
0489

Fang, Y., Tian, S., Pan, Y., Li, W., Wang, Q., Tang, Y., et al. (2020). Pyroptosis: A
New Frontier in Cancer. Biomed. Pharmacother. 121, 109595. doi:10.1016/j.
biopha.2019.109595

Fu, J., and Wang, Y. (2022). Identification of a Novel Pyroptosis-Related Gene
Signature for Predicting Prognosis in Bladder Cancer. Cancer Invest. 40,
134-150. doi:10.1080/07357907.2021.1991944

Gao, X., Yang, J., and Chen, Y. (2020). Identification of a Four Immune-related
Genes Signature Based on an Immunogenomic Landscape Analysis of clear
Cell Renal Cell Carcinoma. J. Cell Physiol. 235, 9834-9850. doi:10.1002/jcp.
29796

Gao, X., Zhang, S., Chen, Y., Wen, X,, Chen, M., Wang, S., et al. (2019).
Development of a Novel Six-long Noncoding RNA Signature Predicting
Survival of Patients with Bladder Urothelial Carcinoma. J. Cel. Biochem.
120, 19796-19809. doi:10.1002/jcb.29285

Ghandour, R., Singla, N., and Lotan, Y. (2019). Treatment Options and

Pyroptosis-Related INcRNA Signature for BLCA

Han, W,, Yu, F,, and Guan, W. (2020). Oncogenic Roles of IncRNA BLACAT1 and
its Related Mechanisms in Human Cancers. Biomed. Pharmacother. 130,
110632. doi:10.1016/j.biopha.2020.110632

Hanahan, D., and Weinberg, R. A. (2011). Hallmarks of Cancer: the Next
Generation. Cell 144, 646-674. doi:10.1016/j.cell.2011.02.013

He, D., Zheng, J., Hu, J., Chen, J., and Wei, X. (2020). Long Non-coding RNAs and
Pyroptosis. Clinica Chim. Acta 504, 201-208. doi:10.1016/j.cca.2019.11.035

He, H,, Yi, L., Zhang, B, Yan, B, Xiao, M., Ren, J., et al. (2021). USP24-GSDMB
Complex Promotes Bladder Cancer Proliferation via Activation of the STAT3
Pathway. Int. J. Biol. Sci. 17, 2417-2429. doi:10.7150/ijbs.54442

Tasonos, A., Schrag, D., Raj, G. V., and Panageas, K. S. (2008). How to Build and
Interpret a Nomogram for Cancer Prognosis. Jco 26, 1364-1370. doi:10.1200/
JCO.2007.12.9791

Jiang, Z., Yao, L., Ma, H,, Xu, P., Li, Z., Guo, M, et al. (2017). miRNA-214 Inhibits
Cellular Proliferation and Migration in Glioma Cells Targeting Caspase 1
Involved in Pyroptosis. Oncol. Res. 25, 1009-1019. doi:10.3727/
096504016X14813859905646

Jiang, Z., Zhang, Y., Chen, X., Wu, P., and Chen, D. (2020). Long Noncoding RNA
RBMS3-AS3 Acts as a microRNA-4534 Sponge to Inhibit the Progression of
Prostate Cancer by Upregulating VASH1. Gene Ther. 27, 143-156. d0i:10.1038/
$41434-019-0108-1

Jiao, F., Sun, H., Yang, Q., Sun, H., Wang, Z., Liu, M., et al. (2020). Identification of
FADS]1 through Common Gene Expression Profiles for Predicting Survival in
Patients with Bladder Cancer. Crmar Vol. 12, 8325-8339. doi:10.2147/CMAR.
$254316

Kamat, A. M., Hahn, N. M., Efstathiou, J. A., Lerner, S. P., Malmstrém, P.-U., Choi,
W., et al. (2016). Bladder Cancer. The Lancet 388, 2796-2810. doi:10.1016/
S0140-6736(16)30512-8

Karki, R., and Kanneganti, T.-D. (2019). Diverging Inflammasome Signals in
Tumorigenesis and Potential Targeting. Nat. Rev. Cancer 19, 197-214. doi:10.
1038/s41568-019-0123-y

Kaufman, D. S., Shipley, W. U., and Feldman, A. S. (2009). Bladder Cancer. The
Lancet 374, 239-249. doi:10.1016/S0140-6736(09)60491-8

Li, H.J., Gong, X, Li, Z. K,, Qin, W., He, C. X,, Xing, L., et al. (2021). Role of Long
Non-coding RNAs on Bladder Cancer. Front Cel Dev Biol 9, 672679. doi:10.
3389/fcell.2021.672679

Li, H.,, Mu, Q., Zhang, G., Shen, Z., Zhang, Y., Bai, ], et al. (2020). Linc00426
Accelerates Lung Adenocarcinoma Progression by Regulating miR-455-5p as a
Molecular Sponge. Cell Death Dis 11, 1051. doi:10.1038/s41419-020-03259-2

Li, J., Yang, C, Li, Y., Chen, A, Li, L, and You, Z. (2018). LncRNA GAS5
Suppresses Ovarian Cancer by Inducing Inflammasome Formation. Biosci. Rep.
38. doi:10.1042/BSR20171150

Li, L., Jiang, M., Qi, L., Wu, Y., Song, D., Gan, J., et al. (2021). Pyroptosis, a New
Bridge to Tumor Immunity. Cancer Sci. 112, 3979-3994. doi:10.1111/cas.15059

Li, L., Li, Y., and Bai, Y. (2020). Role of GSDMB in Pyroptosis and Cancer. Cmar
Vol. 12, 3033-3043. doi:10.2147/CMAR.S246948

Li, Y, Li, G., Guo, X,, Yao, H., Wang, G., and Li, C. (2020). Non-coding RNA in
Bladder Cancer. Cancer Lett. 485, 38-44. doi:10.1016/j.canlet.2020.04.023

Liang, Y., Wu, X,, Lee, ], Yu, D., Su, J., Guo, M,, et al. (2022). IncRNA NR2F2-AS1
Inhibits the Methylation of miR-494 to Regulate Oral Squamous Cell
Carcinoma Cell Proliferation. Arch. Oral Biol. 134, 105316. doi:10.1016/j.
archoralbio.2021.105316

Lin, W., Chen, Y., Wu, B,, Chen, Y., and Li, Z. (2021). Identification of the
Pyroptosis-related P-rognostic G-ene S-ignature and the A-ssociated
R-egulation axis in L-ung A-denocarcinoma. Cell Death Discov. 7, 161.
doi:10.1038/s41420-021-00557-2

Liu, X,, Xia, S., Zhang, Z, Wu, H,, and Lieberman, J. (2021). Channelling
Inflammation: Gasdermins in Physiology and Disease. Nat. Rev. Drug
Discov. 20, 384-405. doi:10.1038/s41573-021-00154-z

Loveless, R., Bloomquist, R., and Teng, Y. (2021). Pyroptosis at the Forefront of
Anticancer Immunity. J. Exp. Clin. Cancer Res. 40, 264. doi:10.1186/s13046-
021-02065-8

Lu, X,, Guo, T., and Zhang, X. (2021). Pyroptosis in Cancer: Friend or Foe? Cancers
13, 3620. doi:10.3390/cancers13143620

Luo, M., Deng, S., Han, T., Ou, Y., and Hu, Y. (2022). LncRNA NR2F2-AS1

Outcomes in Nonmetastatic Muscle Invasive Bladder Cancer. Trends Functions as a Tumor Suppressor in Gastric Cancer through Targeting miR-
Cancer 5, 426-439. doi:10.1016/j.trecan.2019.05.011 320b/PDCD4 Pathway. Histol. Histopathol 20, 18429. doi:10.14670/HH-18-429
Frontiers in Genetics | www.frontiersin.org 16 April 2022 | Volume 13 | Article 865204


https://doi.org/10.1016/j.ejphar.2021.174444
https://doi.org/10.7717/peerj-cs.67
https://doi.org/10.1016/j.canlet.2021.03.018
https://doi.org/10.1016/j.canlet.2021.03.018
https://doi.org/10.1007/s12016-015-8494-7
https://doi.org/10.1007/s12016-015-8494-7
https://doi.org/10.3390/cancers12082148
https://doi.org/10.1158/1078-0432.CCR-19-3255
https://doi.org/10.1038/s41577-019-0228-2
https://doi.org/10.1007/s13577-020-00343-9
https://doi.org/10.1007/s13577-020-00343-9
https://doi.org/10.2147/IJGM.S337735
https://doi.org/10.1038/s41388-021-02024-9
https://doi.org/10.3892/ol.2020.11635
https://doi.org/10.3892/ol.2020.11635
https://doi.org/10.1002/cncr.29843
https://doi.org/10.1093/ajcp/107.1.56
https://doi.org/10.1158/2326-6066.CIR-21-0489
https://doi.org/10.1158/2326-6066.CIR-21-0489
https://doi.org/10.1016/j.biopha.2019.109595
https://doi.org/10.1016/j.biopha.2019.109595
https://doi.org/10.1080/07357907.2021.1991944
https://doi.org/10.1002/jcp.29796
https://doi.org/10.1002/jcp.29796
https://doi.org/10.1002/jcb.29285
https://doi.org/10.1016/j.trecan.2019.05.011
https://doi.org/10.1016/j.biopha.2020.110632
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.cca.2019.11.035
https://doi.org/10.7150/ijbs.54442
https://doi.org/10.1200/JCO.2007.12.9791
https://doi.org/10.1200/JCO.2007.12.9791
https://doi.org/10.3727/096504016X14813859905646
https://doi.org/10.3727/096504016X14813859905646
https://doi.org/10.1038/s41434-019-0108-1
https://doi.org/10.1038/s41434-019-0108-1
https://doi.org/10.2147/CMAR.S254316
https://doi.org/10.2147/CMAR.S254316
https://doi.org/10.1016/S0140-6736(16)30512-8
https://doi.org/10.1016/S0140-6736(16)30512-8
https://doi.org/10.1038/s41568-019-0123-y
https://doi.org/10.1038/s41568-019-0123-y
https://doi.org/10.1016/S0140-6736(09)60491-8
https://doi.org/10.3389/fcell.2021.672679
https://doi.org/10.3389/fcell.2021.672679
https://doi.org/10.1038/s41419-020-03259-2
https://doi.org/10.1042/BSR20171150
https://doi.org/10.1111/cas.15059
https://doi.org/10.2147/CMAR.S246948
https://doi.org/10.1016/j.canlet.2020.04.023
https://doi.org/10.1016/j.archoralbio.2021.105316
https://doi.org/10.1016/j.archoralbio.2021.105316
https://doi.org/10.1038/s41420-021-00557-2
https://doi.org/10.1038/s41573-021-00154-z
https://doi.org/10.1186/s13046-021-02065-8
https://doi.org/10.1186/s13046-021-02065-8
https://doi.org/10.3390/cancers13143620
https://doi.org/10.14670/HH-18-429
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

Gao and Cai

Malmstrom, P.-U., Agrawal, S., Blickberg, M., Bostrém, P. ]., Malavaud, B., Zaak,
D, et al. (2017). Non-muscle-invasive Bladder Cancer: a Vision for the Future.
Scand. J. Urol. 51, 87-94. doi:10.1080/21681805.2017.1283359

Man, S. M., and Kanneganti, T.-D. (2015). Regulation of Inflammasome
Activation. Immunol. Rev. 265, 6-21. doi:10.1111/imr.12296

Mattick, J. S., and Makunin, I. V. (2006). Non-coding RNA. Hum. Mol. Genet. 151,
R17-R29. doi:10.1093/hmg/ddl046

Mirzaei, S., Gholami, M. H., Hushmandi, K., Hshemi, F., Zabolian, A., Canadas, 1.,
et al. (2022). The Long and Short Non-coding RNAs Modulating EZH2
Signaling in Cancer. J. Hematol. Oncol. 15, 18. doi:10.1186/s13045-022-
01235-1

Mirzaei, S., Zarrabi, A., Hashemi, F., Zabolian, A., Saleki, H., Ranjbar, A., et al.
(2021). Regulation of Nuclear Factor-KappaB (NF-Kb) Signaling Pathway by
Non-coding RNAs in Cancer: Inhibiting or Promoting Carcinogenesis? Cancer
Lett. 509, 63-80. doi:10.1016/j.canlet.2021.03.025

Newman, A. M., Liu, C. L., Green, M. R,, Gentles, A. J., Feng, W., Xu, Y., et al.
(2015). Robust Enumeration of Cell Subsets from Tissue Expression Profiles.
Nat. Methods 12, 453-457. doi:10.1038/nmeth.3337

Shao, W, Yang, Z., Fu, Y., Zheng, L., Liu, F., Chai, L., et al. (2021). The Pyroptosis-
Related Signature Predicts Prognosis and Indicates Immune Microenvironment
Infiltration in Gastric Cancer. Front. Cel Dev. Biol. 9, 676485. doi:10.3389/fcell.
2021.676485

Shi, J., Gao, W, and Shao, F. (2017). Pyroptosis: Gasdermin-Mediated
Programmed Necrotic Cell Death. Trends Biochem. Sci. 42, 245-254. doi:10.
1016/j.tibs.2016.10.004

Shigeyasu, K., Toden, S., Ozawa, T., Matsuyama, T., Nagasaka, T., Ishikawa, T.,
et al. (2020). The PVT1 IncRNA Is a Novel Epigenetic Enhancer of MYC, and a
Promising Risk-Stratification Biomarker in Colorectal Cancer. Mol. Cancer 19,
155. doi:10.1186/s12943-020-01277-4

Siegel, R. L., Miller, K. D., and Jemal, A. (2019). Cancer Statistics, 2019. CA A.
Cancer J. Clin. 69, 7-34. doi:10.3322/caac.21551

Tan, Y., Chen, Q., Li, X,, Zeng, Z., Xiong, W., Li, G., et al. (2021). Pyroptosis: a New
Paradigm of Cell Death for Fighting against Cancer. J. Exp. Clin. Cancer Res. 40,
153. doi:10.1186/513046-021-01959-x

Tang, W., Zhu, S., Liang, X,, Liu, C,, and Song, L. (2021). The Crosstalk between
Long Non-coding RNAs and Various Types of Death in Cancer Cells. Technol.
Cancer Res. Treat. 20, 153303382110330. doi:10.1177/15330338211033044

Tang, X, Zhang, A., Feng, Y., Su, Y., Wang, X, Jiang, F,, et al. (2021). A Novel
Pyroptosis-Related IncRNAs Signature for Predicting the Prognosis of Kidney
Renal Clear Cell Carcinoma and its Associations with Immunity. J. Oncol. 2021,
1-15. doi:10.1155/2021/9997185

Tang, Y., Hu, Y., Wang, ], and Zeng, Z. (2020). A Novel Risk Score Based on a
Combined Signature of 10 Immune System Genes to Predict Bladder Cancer
Prognosis. Int. Immunopharmacology 87, 106851. doi:10.1016/j.intimp.2020.
106851

Tao, Y., Li, Y, and Liang, B. (2020). Comprehensive Analysis of
Microenvironment-Related Genes in Lung Adenocarcinoma. Future Oncol.
16, 1825-1837. doi:10.2217/fon-2019-0829

Tong, S., Yin, H,, Fu, J., and Li, Y. (2022). Niban Apoptosis Regulator 1
Promotes Gemcitabine Resistance by Activating the Focal Adhesion Kinase
Signaling Pathway in Bladder Cancer. J. Cancer 13, 1103-1118. doi:10.
7150/jca.66248

Wan, L., Gu, D., and Li, P. (2022). LncRNA SNHG16 Promotes Proliferation
and Migration in Laryngeal Squamous Cell Carcinoma via the miR-140-5p/
NFAT5/Wnt/B-Catenin Pathway axis. Pathol. - Res. Pract. 229, 153727.
doi:10.1016/j.prp.2021.153727

Pyroptosis-Related INcRNA Signature for BLCA

Wang, B., and Yin, Q. (2017). AIM2 Inflammasome Activation and Regulation: A
Structural Perspective. J. Struct. Biol. 200, 279-282. doi:10.1016/j.jsb.2017.
08.001

Wilkerson, M. D., and Hayes, D. N. (2010). ConsensusClusterPlus: a Class
Discovery Tool with Confidence Assessments and Item Tracking.
Bioinformatics 26, 1572-1573. doi:10.1093/bioinformatics/btq170

Wu, Z.-H,, Li, Z.-W., Yang, D.-L,, and Liu, J. (2021). Development and Validation
of a Pyroptosis-Related Long Non-coding RNA Signature for Hepatocellular
Carcinoma. Front. Cel Dev. Biol. 9, 713925. doi:10.3389/fcell.2021.713925

Xi, G., Gao, J., Wan, B., Zhan, P., Xu, W., Lv, T,, et al. (2019). GSDMD Is Required
for Effector CD8+ T Cell Responses to Lung Cancer Cells. Int.
Immunopharmacology 74, 105713. doi:10.1016/j.intimp.2019.105713

Xia, F., Yan, Y., and Shen, C. (2021). A Prognostic Pyroptosis-Related IncRNAs
Risk Model Correlates with the Immune Microenvironment in Colon
Adenocarcinoma. Front. Cel Dev. Biol. 9, 811734. doi:10.3389/fcell.2021.811734

Xia, X., Wang, X., Cheng, Z., Qin, W., Lei, L., Jiang, J., et al. (2019). The Role of
Pyroptosis in Cancer: Pro-cancer or Pro-"host"? Cel Death Dis 10, 650. doi:10.
1038/541419-019-1883-8

Ye, Y., Dai, Q, and Qi, H. (2021). A Novel Defined Pyroptosis-Related Gene
Signature for Predicting the Prognosis of Ovarian Cancer. Cel Death Discov. 7,
71. doi:10.1038/s41420-021-00451-x

Zhang, Y., Chen, X,, Lin, J., and Jin, X. (2021). Biological Functions and Clinical
Significance of Long Noncoding RNAs in Bladder Cancer. Cel Death Discov. 7,
278. doi:10.1038/s41420-021-00665-z

Zhang, Z., Zhang, Y., Xia, S., Kong, Q., Li, S., Liu, X,, et al. (2020). Gasdermin E
Suppresses Tumour Growth by Activating Anti-tumour Immunity. Nature 579,
415-420. doi:10.1038/s41586-020-2071-9

Zhen, H., Du, P., Yi, Q,, Tang, X., and Wang, T. (2021). LINC00958 Promotes
Bladder Cancer Carcinogenesis by Targeting miR-490-3p and AURKA. BMC
Cancer 21, 1145. doi:10.1186/s12885-021-08882-6

Zhen, S., Lu, J., Chen, W., Zhao, L., and Li, X. (2018). Synergistic Antitumor Effect
on Bladder Cancer by Rational Combination of Programmed Cell Death 1
Blockade and CRISPR-Cas9-Mediated Long Non-coding RNA Urothelial
Carcinoma Associated 1 Knockout. Hum. Gene Ther. 29, 1352-1363. doi:10.
1089/hum.2018.048

Zhou, W., Ouyang, J., Li, J., Liu, F,, An, T., Cheng, L., et al. (2021). MRPS17
Promotes Invasion and Metastasis through PI3K/AKT Signal Pathway and
Could Be Potential Prognostic Marker for Gastric Cancer. J. Cancer 12,
4849-4861. doi:10.7150/jca.55719

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Gao and Cai. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Genetics | www.frontiersin.org

17

April 2022 | Volume 13 | Article 865204


https://doi.org/10.1080/21681805.2017.1283359
https://doi.org/10.1111/imr.12296
https://doi.org/10.1093/hmg/ddl046
https://doi.org/10.1186/s13045-022-01235-1
https://doi.org/10.1186/s13045-022-01235-1
https://doi.org/10.1016/j.canlet.2021.03.025
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.3389/fcell.2021.676485
https://doi.org/10.3389/fcell.2021.676485
https://doi.org/10.1016/j.tibs.2016.10.004
https://doi.org/10.1016/j.tibs.2016.10.004
https://doi.org/10.1186/s12943-020-01277-4
https://doi.org/10.3322/caac.21551
https://doi.org/10.1186/s13046-021-01959-x
https://doi.org/10.1177/15330338211033044
https://doi.org/10.1155/2021/9997185
https://doi.org/10.1016/j.intimp.2020.106851
https://doi.org/10.1016/j.intimp.2020.106851
https://doi.org/10.2217/fon-2019-0829
https://doi.org/10.7150/jca.66248
https://doi.org/10.7150/jca.66248
https://doi.org/10.1016/j.prp.2021.153727
https://doi.org/10.1016/j.jsb.2017.08.001
https://doi.org/10.1016/j.jsb.2017.08.001
https://doi.org/10.1093/bioinformatics/btq170
https://doi.org/10.3389/fcell.2021.713925
https://doi.org/10.1016/j.intimp.2019.105713
https://doi.org/10.3389/fcell.2021.811734
https://doi.org/10.1038/s41419-019-1883-8
https://doi.org/10.1038/s41419-019-1883-8
https://doi.org/10.1038/s41420-021-00451-x
https://doi.org/10.1038/s41420-021-00665-z
https://doi.org/10.1038/s41586-020-2071-9
https://doi.org/10.1186/s12885-021-08882-6
https://doi.org/10.1089/hum.2018.048
https://doi.org/10.1089/hum.2018.048
https://doi.org/10.7150/jca.55719
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

	Genome-wide Exploration of a Pyroptosis-Related Long Non-Coding RNA Signature Associated With the Prognosis and Immune Resp ...
	Introduction
	Materials and Methods
	Acquisition of Data From Patients With Bladder Cancer
	Analyses of Molecular Characteristics of Pyroptosis-Related Genes in Bladder Cancer
	Identification of Pyroptosis-Related lncRNAs
	Analyzing the Correlation Between Tumor Clusters and Clinical Features
	Construction of Pyroptosis-Related lncRNA Signature
	Analyzing the Prognostic Efficacy of the lncRNA Signature in Bladder Cancer
	Analyzing the Correlation Between Risk Score and Other Factors
	A Gene Set Enrichment Analysis and Gene Enrichment Analysis
	Statistical Analysis

	Results
	Molecular Characterization of Pyroptosis-Related Genes and Identification of Pyroptosis-Related lncRNAs in Bladder Cancer
	Results of Consistent Clustering Analysis of BLCA Based on Pyroptosis-Related lncRNAs
	Development of a PR lncRNA Signature
	Validation of the Signature in Other Groups
	Correlation Between the Eight-PR-lncRNA Signature and Clinical Features
	Correlation Between Risk Score and Tumor Immunity
	Expression and Function Analysis of the Eight lncRNAs in the Signature
	Results of a Functional Analysis Between High- and Low-Risk Groups and Construction of a Nomogram

	Discussion
	Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


