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Bladder cancer (BLCA) is one of the highly heterogeneous disorders accompanied by a
poor prognosis. The present study aimed to construct a model based on pyroptosis-related
long-stranded non-coding RNA (IncRNA) to evaluate the potential prognostic application in
bladder cancer. The mRNA expression profiles of bladder cancer patients and correspond-
ing clinical data were downloaded from the public database from The Cancer Genome Atlas
(TCGA). Pyroptosis-related IncRNAs were identified by utilizing a co-expression network of
pyroptosis-related genes and IncRNAs. The IncRNA was further screened by univariate Cox
regression analysis. Finally, eight pyroptosis-related IncRNA markers were established us-
ing least absolute shrinkage and selection operator (Lasso) regression and multivariate Cox
regression analyses. Patients were separated into high- and low-risk groups based on the
performance value of the median risk score. Patients in the high-risk group had significantly
poorer overall survival (OS) than those in the low-risk group (P<0.001). In multivariate Cox
regression analysis, the risk score was an independent predictive factor of OS (HR > 1,
P<0.01). The areas under the curve (AUCs) of the 3- and 5-year OS in the receiver oper-
ating characteristic (ROC) curve were 0.742 and 0.739, respectively. In conclusion, these
eight pyroptosis-related INcRNA and their markers may be potential molecular markers and
therapeutic targets for bladder cancer patients.

Introduction

Bladder cancer (BLCA) is caused by malignant tumors that grow on the mucosa of the bladder and ranks
tenth among systemic malignancies worldwide [1]. With the influence of factors such as aging, environ-
mental pollution and smoking, the morbidity and mortality of bladder cancer has been increasing [2].
Bladder cancer that has not invaded to the deeper layers of the bladder wall are treated with transurethral
resection of the tumor and total cystectomy is preserved for patients with tumor invasion into the muscu-
lar layer of the bladder [3]. Over the past few decades, despite improvements in surgical and non-surgical
treatments for bladder cancer, bladder cancer still has a high risk of recurrence and is associated with a
poor prognosis [4-6]. There are currently no effective therapeutic targets for bladder cancer in clinical
medicine [7].

Non-coding RNA (ncRNA), including microRNA (miRNA), long-stranded non-coding RNA
(IncRNA), and circular RNA (circRNA) play important roles in cell growth [8]. With the advancement of
transcriptome analysis, the role of dysfunctional IncRNAs in cancer has attracted considerable attention
[9-11]. LncRNAs are ncRNAs ranging from 200 to 100000 nucleotides in length [12]. There has been
growing evidence that aberrant IncRNA expression is associated with tumor development, diagnosis, and
prognosis with the development of tumors [13,14].

Pyroptosis is a programmed form of cell death caused by an inflammatory response [15]. Not only
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metastasis [18]. Pyroptosis, on the one hand, stalls the growth of tumor cells and exhibits anti-tumor activity [19,20].
On the other hand, an inflammatory component is produced during scorch death, which activates pro-inflammatory
cytokines that provide a microenvironment for tumor cell growth and contribute to tumor growth [21]. However, the
association of the expression of pyroptosis-related IncRNA with bladder tumor developments and prognosis remains
to be investigated in great detail.

In the present study, we performed an analysis of IncRNA expression datasets from The Cancer Genome Atlas
(TCGA) for bladder cancer and screened for pyroptosis-related IncRNAs of prognostic value. We identified eight
pyroptosis-related IncRNA signatures that have the potential to predict survival prognosis in bladder cancer patients.

Materials and methods

Data source

TCGA datasets on bladder cancer and corresponding clinical characteristics of patients were downloaded from the
UCSC Xane website (UCSC Xena (xenabrowser.net)) which included 414 BLCA samples and 19 normal tissues. We
incorporated patients who had clinical data with a follow-up time of more than 30 days.

Curtaining data for IncRNAs and pyroptosis-related genes

Bladder cancer data were annotated by Gencode (GENCODE version GRCh38) GTF file in the present study. Normal-
ization of RNA-seq data expression profiles was performed by using log2 transformations. The extraction of mRNA
and IncRNA genes from RNA-seq data with the Perl software (version: Strawberry-Perl-5.32.1). Pyroptosis-related
genes were obtained from the prior review [22,23]. The Pearson correlation was used to measure the correlation be-
tween IncRNAs and pyroptosis-related genes. Pyroptosis-related IncRNAs were determined as those with a Pearson
correlation coefficient of 0.4 and a P-value of <0.001. The Pearson correlation was used to measure the correlation
between IncRNAs and pyroptosis-related genes. Pyroptosis-related IncRNAs were determined as those with a Pearson
correlation coefficient of 0.4 and a P-value of <0.001.

Construction of the pyroptosis-related prognostic IncRNAs

Univariate Cox regression was used to analyze the prognostic value of pyroptosis-related IncRNAs. The least absolute
shrinkage and selection operator (Lasso) regression was used to incorporate the pyroptosis-related IncRNAs with
P-value <0.01 in the univariate analysis. Eventually, to create a risk score, the Lasso regression results were incor-
porated into a multivariate Cox model. The risk signature was constructed by multiplying linear combination of the
pyroptosis-related IncRNA expression levels with a regression coefficient (3) (risk score = expression level of Genel
* 31 + expression level of Gene2 * 32 +. ..+ expression level of Gene(n) * 3(n)). The patients were classified into
high- and low-risk groups based on the median risk score. A log-rank test was used to compare the survival differences
between the two groups.

Constructing a prognostic model

The nomogram was designed to predict the patient’s survival. The model’s accuracy was assessed using the C- index,
calibration curve, and linear regression (receiver operating characteristic, ROC) curve. To see if risk score was an
independent predictor of prognosis, we utilized multivariate Cox regression analysis including clinical characteristics.

Immune infiltration analysis

CIBERSORT and ESTIMATE were used to estimate the immune cell content of each bladder cancer patient, according
to the abundance of immune cells between the high- and low-risk groups. Immune-related molecules were further
analyzed to obtain information on the immune infiltration of bladder cancer.

Enrichment analyses of pyroptosis-related genes

Gene set enrichement analysis (GSEA_4.1.0 version) was performed to explain the function of gene expression data
enrichment. Gene ontologies (GOs) enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analyses were performed. We have explored the functional enrichment of prognostic IncRNAs that are associated
with pyroptosis-related pathways based on the high- and low-risk groups.

Statistical analysis
The Kaplan—-Meier process was then used to establish survival curves, which were then compared using the Log-rank
test. The prognostic implications of pyroptosis-related IncRNA features and clinicopathological data were explored
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Table 1 Multivariate analysis of the pyroptosis-related IncRNAs cohort
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LncRNA Coefficient HR HR.95L HR.95H P-value
AC010731.2 1.113718 3.045661 1.821714 5.091936 2.16E-05
AC034229.4 —0.78417 0.456497 0.194484 1.071501 0.071652
AL450384.2 —0.35989 0.69775 0.480704 1.012796 0.058347
IPO5P1 —0.22505 0.798476 0.62583 1.01875 0.070216
LINC02446 —0.40406 0.667604 0.495533 0.899426 0.007885
MIR100HG 0.244249 1.276663 0.997228 1.634399 0.052631
PSMB8-AS1 —0.28961 0.748554 0.578261 0.968997 0.02787

TNFRSF14-AS1 —0.52243 0.593079 0.378479 0.929359 0.022629

using Cox proportional hazards regression model, Lasso regression, and proportional hazards assumption for a Cox
regression model for statistical analysis, the R programming language (version 4.1) was utilized. Statistical tests were
conducted in both directions, with a P-value <0.01 deemed statistical significance.

Results

Construction of a co-expression network

Throughout the TCGA-BLCA data, 14142 IncRNAs were identified. A total of 259 pyroptosis-related genes were
identified, of which 33 were expressed as mRNAs in bladder cancer. To investigate pyroptosis-related IncRNAs, a
pyroptosis-related gene IncRNA co-expression network was developed. Finally, 1025 pyroptosis-related IncRNAs
were identified.

Identification of prognostic pyroptosis-related IncRNA signature

Based on the results of univariate Cox analysis, 119 pyroptosis-related IncRNAs showed a predictive value for
bladder cancer patients (P<0.01, Supplementary Table S1). Through Lasso regression, the 16 pyroptosis-related
IncRNAs were identified (Figure 1A,B and Supplementary Table S2). In the multivariate analysis, eight IncRNAs
were found to be associated with prognostic factors in patients (Figure 1C and Table 1). Of these, two IncR-
NAs (MIR1I00HG, AC010731.2) were the poor prognostic factors for patients (Figure 2A,B) and six IncRNAs
(AL450384.2, IPO5P1, AC034229.4, TNFRSF14-AS1, PSMB8-AS1, LINC02446) were the favorable prognostic
factors for patients (Figure 2C-H). These eight IncRNAs were utilized as signature IncRNAs related to pyroptosis.
The formula of the risk score was as follows: Risk score = (1.113718024*AC010731.2) +(0.244249497*MIR100HG)
+ (—0.784173266* AC034229.4) + (—0.359894228%A1.450384.2) +(—0.225050249*TPO5P1) +
(—0.40405957*LINC02446) + (—0.289612092*PSMB8-AS1) + (—0.5224276 *TNFRSF14-AS1).

The prognostic impact of the established signatures

We calculated risk scores for each patient in the test dataset and divided patients into low- and high-risk groups based
on the median risk score. Patients in the low-risk group overall survival (OS) had significantly improved outcomes
(P<0.001) (Figure 3). The risk score had a significant influence on the prognosis of individuals with bladder cancer
according to Cox regression analysis (Figure 4).

The pyroptosis-related IncRNA signature’s clinical importance

The risk score (HR = 1.239; 95% CI: 1.153-1.332; P<0.001) and N-stage (HR: 1.580; 95% CI: 1.231-2.027; P<0.001)
were independent prognostic predictors in a univariate Cox regression analysis (Table 2, Figure 5A). In multivariate
analysis, only the risk score (HR = 1.232; 95% CI = 1.133—1.340; P<0.001, Table 2, Figure 5B) was a significant
prognostic predictor. Further, the area under the curve (AUC) values for areas under the ROC curve predicting 3-
and 5-year survivals were 0.742 and 0.739, respectively (Figure 5C). The AUC for areas under the multivariate ROC
curve predicting showed definite predictive modeling ability, mainly through risk score, T-stage, and N-stage were
0.733, 0.653, and 0.647, respectively (Figure 5D). We validated the nomograms by testing the proportional hazards
assumption of the Cox regression model to the prediction ability of the assumption model (Supplementary Figure
S1). There was no statistical significance for each covariable (P>0.05) and no statistical significance for the global test
(Supplementary Table S3). For each covariate, we generated the correlations of the corresponding sets of standard-
ized Schoenfeld residuals with time to test for independence between residuals and time (Supplementary Figure S1),
the results showed that the linear relationship between residuals and time is not significant in the proportional risk
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Figure 1. Identification of a 16 pyroptosis-related IncRNA risk signature for overall survival by Lasso regression analysis in
TCGA cohort

(A) Cross-validation for tuning parameter selection in the proportional hazards model. (B) Lasso coefficient spectrum of 16 pyropto-
sis-related IncRNAs in bladder cancer. (C) Sankey diagram showed the association among prognostic pyroptosis-related IncRNAs,
pyroptosis-related mRNAs, and risk types.

Table 2 Univariate and multivariate Cox regression analyses were used to assess the clinical features and risk scores of
bladder cancer

Variable Univariate Cox regression Multivariate Cox regression
HR HR.95L HR.95H P-value HR HR.95L HR.95H P-value
Age 1.022028 0.996921 1.047767 0.085988 1.018527 0.992694 1.045032 0.161348
Gender 0.621914 0.374543 1.032664 0.066397 0.600981 0.356789 1.012305 0.055621
T 1.736894 1.21213 2.488843 0.002628 1.294533 0.795159 2.107522 0.299192
N 1.579951 1.231276 2.027365 0.000324 1.099677 0.67681 1.78675 0.701219
M 2.458538 0.982327 6.153155 0.054622 1.604976 0.557005 4.624646 0.38092
Stage 1.835178 1.314974 2.561174 0.000357 1.36429 0.699753 2.659918 0.361829
Risk score 1.047395 1.028431 1.066709 6.80E-07 1.041398 1.020574 1.062647 8.28E-05
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Figure 2. Kaplan-Meier survival analysis of eight pyroptosis-related IncRNAs

(A) MIR100HG, (B) AC010731.2, (C) AL450384.2, (D) IPO5P1, (E) AC034229.4, (F) TNFRSF14-AS1, (G) PSMB8-AS1, (H) LINC02446

associated with prognosis in patients with bladder cancer.
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Figure 3. The risk score of Kaplan-Meier survival curves based on eight pyroptosis-related IncRNAs

hypothesis. In the Nomogram plots, we predicted the OS of bladder cancer patients at 3 and 5 years by the association
of risk score and stage, as shown in (Figure 6A-C). In the prognosis model of bladder cancer, the C-index was 0.711.
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Figure 4. The analysis distribution of survival status and heat map in pyroptosis-related IncRNA signature for patients with
bladder cancer

(A) Distribution of risk score status of bladder cancer. (B) The survival time of the patient. (C) Heat map of pyroptosis-related IncRNA
expression profiles in the prognostic signature of bladder cancer.

Correlation of the expression of the eight pyroptosis-related IncRNAs

with clinicopathological factors

Further, we applied whether eight pyroptosis-related associated IncRNAs are involved in the development of
bladder cancer, and we investigated the relationship between the expression of eight pyroptosis-related IncR-
NAs and clinicopathological factors. Of the eight IncRNAs associated with pyroptosis, the results showed that
AL450384.2, MIR100HG, IPO5P1, and TNFRSF14-AS1 were significantly associated with N_stage. AL450384.2,
IPO5P1, LINC02446, and TNFRSF14-AS1 were significantly associated with T_stage, PSMB8-AS1 was significantly
associated with M_stage, and IPO5P1 was significantly associated with gender, respectively (Supplementary Figure
S2).

Relationship between pyroptosis-related IncRNAs signature and immune
cells infiltration

We evaluated the infiltration of the 22 types of immune cells in the TCGA database by the CIBERSORT algorithm
estimation and found that 10 types of immune cells were significantly different between the high- and low-risk groups
(P<0.05) (Figure 7A). These included plasma cells, T cells CD8, T cells CD4 memory activated, T cells follicular
helper, T cells regulatory (Tregs), Macrophages M0, Macrophages M2, Mast cells resting, Mast cells activated, and
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Figure 5. Univariate and multivariate Cox analyses of prognostic pyroptosis-related IncRNA risk scores for bladder cancer
(A) Result of univariate Cox regression. (B) Result of multivariate Cox regression. (C) ROC curve analysis shows the prognostic
prediction of 3 and 5 years. (D) Prognostic value of composite nomogram based on several prognostic factors.

Neutrophils. Figure 7B shows the ESTIMATE scores and the differences between the low- and high-risk groups in
the tumor microenvironment, stromal score, and immune score. The stromal score was significantly higher in the
high-risk group (P<0.001), whereas the immune scores were not statistically significant in the high- and low-risk
groups. Moreover, the combined ESTIMATE scores were higher in the high-risk group than in the low-risk group
(P<0.05).

High-risk tumors show an immunosuppressive phenotype

Our results from CIBERSORT calculations revealed that macrophages were significantly up-regulated in all high-risk
groups, suggesting that an immunosuppressive phenotype may exist in these tumors. Most of the chemokines (IL10,
IL13, IL4 TGFB1, TGFB2, TGFB3) involved in immunosuppressive processes through macrophage induction and
were also significantly up-regulated in the high-risk group (P<0.05) (Figure 7C). These data suggest that high-risk
patients exhibit inertia in anti-tumor immunity, which could potentially contribute to their poor prognosis.

Functional analysis

We performed GO enrichment and KEGG pathways analysis of patients’ samples by high-risk score. GO enrichment
shows that the top ten of functions of pyroptosis-related IncRNAs in high-risk groups were mostly focused on protein
transporter activity, oligosaccharide binding, monosaccharide binding, mannose-binding, disulfide oxidoreductase
binding, two iron-two sulfur cluster binding, azurophil granule lumen, azurophil granule, peptidyl proline modifica-
tion, chaperone-mediated protein folding (Figure 8A and Supplementary Table S4). Whereas the top ten functions of
the low-risk groups were ligand-activated transcription factor activity, organism emergence from protective structure,
negative regulation of cholesterol efflux, phosphatidylcholine acyl chain remodeling, branching involved in mam-
mary gland duct morphogenesis, retinoic acid receptor signaling pathway, negative regulation of sterol transport,
diacylglycerol metabolic process, histone H3K4 trimethylation, phosphatidylethanolamine acyl chain remodeling
(Figure 8A and Supplementary Table S5). GSEA showed the KEGG pathways analysis of pyroptosis-related IncRNAs
in high-risk groups significantly enriched in the amino sugar and nucleotide sugar metabolism, autoimmune thyroid
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Figure 6. Prognostic model evaluation of eight pyroptosis-related associated IncRNAs

(A) Nomogram predicting 3- and 5-year OS based on age, gender, stage, and risk score. (B) Nomogram-predicted probability of
3-year survival. (C) Nomogram-predicted probability of 5-year survival (the 45° dotted line represents a perfect prediction, and the
blue lines represent the predictive performance of the nomogram).

disease, cytokine receptor interaction, glycosaminoglycan biosynthesis chondroitin sulfate, prion diseases, protea-
some, protein export, purine metabolism, renin-angiotensin system, systemic lupus erythematosus (Figure 8B and
Supplementary Table S6). Interestingly, the KEGG pathway of pyroptosis-related IncRNAs in low-risk groups was
mainly involved in metabolic pathways and adipocytokine signaling pathway, Notch signaling pathway, dorsoventral
axis formation, primary bile acid biosynthesis (Figure 8B and Supplementary Table S7).

Discussion

At present, radical cystectomy combined with pelvic lymph node dissection and chemotherapy is the best treatment
for muscle-invasive bladder cancer [3]. However, approximately 50% of patients die from metastatic disease [24],
and the prognosis for patients with advanced and metastatic bladder cancer has remained unsatisfactory. There-
fore, the prognostic role of molecular biomarkers is particularly important and may improve the prognosis of pa-
tients with this disorder [25]. The currently available studies showed that IncRNAs play a crucial regulatory role in
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Figure 7. Immune cells infiltration analysis

(A) The vioplots showed that 22 immune cells content in the high- and low-risk groups. *P<0.05; **P<0.01; **P<0.001; ns, not
significant. (B) ESTIMATE comparison of stromal, immune and tumor purity scores in high- and low-risk groups. (C) Expression of
the immune suppressive cytokines between high- and low-risk groups. *P<0.05, **P<0.01, ***P<0.001.

pyroptosis-related biological processes in various cancer types [26]. However, there are only a few methods for predict-
ing pyroptosis-related IncRNAs in bladder cancer patients. Our results identified eight pyroptosis-related IncRNAs,
out of which two IncRNAs (AC010731.2 and MIR100HG) were associated with a poor prognosis of bladder cancer.
PSMB8-AS1 is found to have been associated with a variety of tumors. PSMB8-AS1 improves the proliferation and
metastasis of PC cells by sponging miR-382-3p to up-regulate STAT1 expression. [27]. PSMB8-AS1 activated by ELK1
promotes cell proliferation in glioma via regulating miR-574-5p/RAB10 [28]. A study of epithelial-mesenchymal
transition-related IncRNA signature correlating with the prognosis and progression in patients with bladder cancer
suggests that PSMB8-AS1 and AC073534.1 could be used to predict the prognosis and progression of bladder cancer
patients [29]. LINCOA2246 is a genomic instability-related IncRNA for bladder cancer, which may be of prognostic
value and guide the clinical management of bladder cancer patients [30]. LINC02446 may influence the prolifera-
tion, migration, and invasion of bladder cancer cells. In addition, it was found to bind EIF3G protein and regulate the
stability of EIF3G protein, which in turn inhibited the mTOR signaling pathway [31]. It also stimulates melanoma pro-
gression by reducing tumor-protecting miR-891a-5p and miR-203b-3p. An article on immune gene-related IncRNA
found that AL450384.2 may be an important indicator of prognosis in patients with bladder cancer [32]. A recent
study on the prognosis of immune gene-related IncRNAs and immunotherapy suggests that IPO5P1 may be a prog-
nostically important value in bladder cancer patients as well as a predictor of the efficacy of immunotherapy [33].
MIRI100HG plays an important role in human tumors and is an IncRNA that has received a lot of attention in the
tumors, and it is expressed differently in tumor tissues dependent on the type of tumor. MIR100HG is involved in
tumor proliferation, migration, and invasion in breast cancer [34], liver cancer [35], and laryngeal squamous cell
carcinoma [36]. Down-regulation of MIR1I00HG expression in gastric cancer inhibits proliferation, migration, and
invasion of gastric cancer cells [37]. It has been reported that down-regulation of MIR100HG in acute megakary-
ocytic leukemia may lead to inhibition of M-07e cell proliferation and induction of apoptosis and necrosis through
up-regulation of TGFb expression [38]. TNFRSF14-AS1 may be a prognostically associated marker for bladder can-
cer immunogene-related IncRNAs [32]. For AC010731.2 and AC034229.4, the prognostic role of IncRNAs in cancer
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Figure 8. GO and KEGG enrichment analyses of pyroptosis-related IncRNAs

(A) GO enrichment analysis of top ten high-risk groups (on left) and top ten low-risk groups (on right) of pyroptosis-related IncRNAs.
(B) Top ten KEGG pathways in high-risk groups (on left) and top ten KEGG pathways in low-risk groups (on right) of pyroptosis-re-
lated IncRNAs.

has not been reported so far. Therefore, there is a need to further research how they affect the prognosis of bladder
cancer patients through their pyroptosis effects.

Immunotherapy is emerging as a new treatment option for cancer, also in uroepithelial carcinoma, where im-
mune cell infiltration and immune checkpoints in the tumor tissue play a role in promoting or inhibiting cancer
cell proliferation, invasion, and migration [39,40]. To investigate the association between scorched IncRNA signaling
and immune cell infiltration, we compared the contents of immune cell content groups with different risk scores and
found that Macrophages M0, Macrophages M2, Mast cells resting, Mast cells activated, Neutrophils were significantly
higher than those in the low-risk group, while Plasma cells, T cells CD8, T cells CD4 memory activated, T cells fol-
licular helper, Tregs were higher in the low-risk group than in the high-risk group. Macrophages play an important
role in tumor progression [41], and these macrophages, also known as tumor-associated macrophages (TAMs), can
promote tumor cell growth through a variety of mechanisms, including enhanced angiogenesis, chemoresistance,
and suppression of antitumor immunity [42]. Macrophages M2 ay primarily promote tumor cell genesis and metas-
tasis, inhibit T cell-mediated antitumor immune responses, promote tumor angiogenesis, and lead to tumor pro-
gression [43]. In the development of tumors multiple stimuli, such as anti-tumor antibodies, hypoxia, cytokines and
chemokines, can activate mast cells and their mediators in the tumor microenvironment, causing them to play impor-
tant immunomodulatory roles in tumor promotion and anti-tumorigenesis [44]. There is growing research evidence
that tumor-infiltrating neutrophils play an important role in tumor promotion, progression, and treatment resistance
[45,46]. A study of tumor-infiltrating neutrophils predicting the benefit of adjuvant chemotherapy in patients with
muscle-infiltrating bladder cancer suggests that tumor-infiltrating neutrophils can be an independent prognostic fac-
tor. High tumor-infiltrating neutrophils are associated with immunosuppression in MIBC environments [47]. Most
interesting are the findings that Tregs significantly infiltrate the tumor microenvironment in patients with low-risk
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scores. The potential relationship between pyroptosis-related and Tregs in bladder cancer is unclear. In this study, we
used the CIBERSOR calculation to infer immune cell infiltration in bladder cancer, and TAMs were up-regulated in
the high-risk group. We further confirmed that cytokines involved in the immunosuppressive process (IL-4, IL-10,
IL-13, TGF-f3) were up-regulated in the high-risk group. Our findings show the great potential of our markers in
predicting bladder cancer, which may be beneficial for immunotherapy targets in bladder malignancy.

Our study of eight markers of IncRNAs associated with pyroptosis-related significantly predicted the prognosis of
bladder cancer patients. OS was longer in the low-risk group than in the high-risk group. Three- and five-year survival
corresponded to an area under the ROC curve of 0.773 and 0.767, respectively. Our findings indicated that the risk
score feature may help predict survival and thus may be considered as an important prognostic predictor. The model
showed modest predictive performance and dependability, according to the findings of the C-index, ROC curve, and
Calibration curve. The eight IncRNAs associated with pyroptosis-related were significantly correlated with stage and
gender, suggesting that the eight IncRNAs associated with pyroptosis-related may vary in the extent of bladder cancer,
which could help doctors plan treatment accordingly and understand the prognosis and outcome of the disease.

However, our study has some limitations. We applied public databases to construct prognostic risk models for
eight pyroptosis-related IncRNA through R language and statistical analysis. While these methods have already been
applied and proven in many studies, to demonstrate the eight IncRNA associated with pyroptosis-related we need to
conduct an in-depth study, which includes their function and molecular mechanisms.

Conclusion

In summary, we have developed a prediction model based on eight pyroptosis-related IncRNAs (AC010731.2,
MIRI00HG, AC034229.4, AL450384.2, IPO5P1, LINC02446, PSMB8-AS1, TNFRSF14-AS1). This model may pro-
vide a new research strategy for exploring the pathogenesis of pyroptosis-related disorders and provide an individ-
ualized prediction of the prognosis of bladder cancer. Functional assessment and bioinformatics analysis revealed
significant correlations in functionally enriched phases and pathways associated mainly with metabolic signaling
pathways. Further studies are required to elucidate the mechanism of action of these pyroptosis-related IncRNAs in
bladder cancer.
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Figure S1: Correlation of each covariate generating standardized Schoenfeld residuals
relative to time. (A) age, (B) gender, (C) T-stage, (D) N-stage, (E) M-stage, (F) stage, (G) risk
score.
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Figure S2: Expression of 8 pyroptosis-related IncRNAs and their clinical
characteristics. (A) gender, (B) M-stage, (C) N-stage, (D) T-stage.



Table S1. Univariate analysis of the pyroptosis-related IncRNAs cohort

INcRNA HR HR.95L HR.95H pvalue
ZNF460-AS1 0.363784  0.186894  0.708096 0.002923
AC008760.1 0.55144  0.375899  0.808958 0.002332
AC002128.1 0.437272  0.238882  0.800426 0.007326
AC104825.1 0.613692  0.473013  0.796211 0.000237
AC009065.8 0.441701  0.279361  0.698379 0.000473
AC006042.1 0.735753  0.593684 0.91182 0.005059
AL157402.2 191486  1.285488  2.852372 0.001398
AC008764.6 0.358454  0.172082  0.746674 0.00614
AC018809.1 0.397489  0.228904  0.690233 0.001051
AL109811.3 0.65926  0.486379  0.893592 0.007253
AC104532.2 0.435053  0.247589  0.764455 0.003805
AC006942.1 0.490517  0.286279  0.840462 0.009526
LUCATI1 1.952342 1.34502 2.83389 0.000433
SH3BP5-AS1 0.516136  0.358874  0.742312 0.000361
AL121895.2 0.581616  0.390994 0.86517 0.007478
RPARP-AS1 0.517924  0.345613  0.776145 0.001433
AL031651.2 2.611781  1.541846  4.424179 0.000357
AC009120.2 0.449654  0.287841 0.70243 0.000445
ZNF213-AS1 0.570726  0.388196  0.839082 0.004342
AC005387.1 0.380801  0.212257  0.683179 0.001205
AL355472.1 0.65006 0.47357  0.892324 0.007702
AL139123.1 0.386823  0.195842  0.764044 0.006239
AL031714.1 0.481427  0.283341  0.817994 0.006877
RAD51-AS1 0.643774  0.463726  0.893728 0.008508
PTPRJ-AS1 1.939509  1.253545  3.000848 0.002932
ACO004148.2 0.554619  0.403452  0.762424 0.000283
LYST-AS1 2.302676  1.225525  4.326565 0.009543
AL355488.1 0.63764  0.459337  0.885155 0.007168
PTOV1-AS2 0.562532  0.423576  0.747074 7.06E-05
PSMA3-AS1 0.554611  0.380273  0.808875 0.002202
SAMD12-AS1 0.39816  0.209855  0.755431 0.004828
AC009065.4 0.497734  0.314757 0.78708 0.002845
LINCO01089 0.662408  0.504048 0.87052 0.00313
AC099343.2 0.401022  0.215347  0.746787 0.003972
IPO5P1 0.662639  0.547056  0.802643 2.58E-05
AC021321.1 0.193433  0.083245  0.449475 0.000134
AC010618.2 0.386414  0.194249  0.768683 0.006735
AC034229.4 0.273448  0.129061 0.57937 0.000712
LINCO00115 0.361574  0.175707  0.744057 0.005729
AC011468.1 0.499466  0.353323  0.706059 8.47E-05
AL133410.1 0.355502  0.205947 0.61366 0.000205
ZKSCAN2-DT 0.481976  0.282013  0.823723 0.007605



AC005785.1
AL513477.2
AL596223.1
TMEMS51-AS1
ZNF32-AS2
AL645940.1
AC005840.4
SNHG20
AC010326.3
AL162258.2
LINCO01871
ETV5-AS1
AC131210.1
AC073335.2
LINCO01355

STAG3L5P-PVRIG2P-PILRB

AC063948.1

ARHGAP27P1-BPTFP1-KPNA2P

3
RBMS3-AS3
AL353622.1
AC011477.3
AC003102.1
AL022328.2
AC022306.2
AC089983.1
TGFB2-AS1
AL591895.1
AL022322.1
LINC02446
AC093726.2
AC034236.2
U47924.1
AL390728.6
USP30-AS1
AL035563.1
AC234772.2
AC068620.2
AC104971.2
AC093788.1
AC135050.3
AC010201.2
AC105177.1
AC120053.1

0.405465
0.410105
1.742638
0.555595
0.468806
0.426043
0.422997
0.532355
0.635449
0.360162
0.803151
2.167217
2.166911
0.610162
0.610979
0.255515
0.508729
0.634395

2.316836
0.445416
0.672853
0.6702
0.555717
0.461552
1.905992
1.65711
0.744675
0.559295
0.706336
0.40518
0.34261
0.358431
0.591615
0.700927
0.453435
1.605536
0.373497
2.310204
0.405874
0.389924
0.380137
2.520811
0.545002

0.221532
0.222627
1.191072
0.392925
0.277145
0.228083
0.269215
0.356514
0.483383
0.188943
0.6814
1.266142
1.203887
0.466837
0.422849
0.13433
0.308392
0.468182

1.518084
0.287652
0.513386
0.499335
0.383928
0.267042
1.198623
1.131102
0.622041
0.406384
0.557567
0.206782
0.189799
0.174581
0.467909
0.553726

0.25572
1.142722
0.181085
1.266398
0.236773
0.206042
0.182416
1.534613
0.391278

0.742112
0.755463
2.549627
0.785612

0.79301
0.795818
0.664623
0.794924
0.835354
0.686537
0.946656
3.709559
3.900286
0.797491

0.88281
0.486029

0.83921
0.859616

3.535856
0.689707
0.881855
0.899531
0.804373
0.797742
3.030814
2427731
0.891485
0.769741
0.8948
0.79393
0.61845
0.735891
0.748027
0.88726
0.804015
2.255795
0.770355
4.214352
0.695745
0.737911
0.792167
4.140776
0.759122

0.003422
0.004241
0.004229
0.000884
0.004732
0.007443

0.00019
0.002057
0.001158
0.001918
0.008961
0.004795
0.009916
0.000299
0.008697
3.19E-05
0.008136
0.003327

9.81E-05
0.000289
0.004092
0.007696
0.001847
0.005617

0.00642
0.009535
0.001322
0.000363
0.003963

0.00848
0.000379
0.005181
1.16E-05
0.003132
0.006801
0.006354
0.007669
0.006334
0.001041
0.003806
0.009826
0.000261
0.000331



AC010542.5
AC025171.4
AC243830.2
AC087741.1
AC010731.2
MIR100HG
AC078880.5
AC084871.1
AC020663.2
AC016737.1
AF178030.1
AL355102.1
SNHG16
AL139089.1

TNFRSF14-AS1

AL136295.2
AC005726.3
AC027020.2
AC115989.1
AC104051.2
AC007038.2
AL354919.2
AL450384.2
AC078880.3
PSMB8-AS1
AC245884.8
AL021707.6
AL390719.2
AC055822.1
AC024060.1
AC008610.1
AC011477.2
ZNF32-AS1

AL355353.1

0.551084
0.456601
0.416478
0.507989
2.733902
1.366534
0.324983
1.929952
0.441619
0.342604
2.018385
1.871683
1.572311
0.44871
0.374913
0.230709
0.623718
0.371091
1.882924
1.947026
0.538299
0.6465
0.53688
0.545008
0.764962
0.52928
0.603261
0.790673
0.544219
0.569668
0.562016
0.653545
0.431919
0.691152

0.399441
0.255569

0.21736
0.349847
1.767253
1.084273
0.151189
1.227348
0.240812

0.16454
1.186306
1.230276

1.11788
0.278078
0.243482
0.108925

0.46575
0.217408
1.179253
1.266024
0.343342
0.512065
0.403538
0.371788
0.631948
0.336685
0.464769

0.68751
0.377798
0.443987
0.402892
0.482586
0.238102
0.575104

0.760296
0.815767
0.798001
0.737617
4.229285
1.722275
0.698556
3.034765
0.809872
0.713368
3.434086

2.84749
2.211474
0.724044

0.57729
0.488655
0.835263

0.63341
3.006481
2.994343
0.843958
0.816229
0.714282
0.798931
0.925973
0.832045
0.783021
0.909315

0.78395
0.730926
0.783987
0.885067
0.783507
0.830616

0.000285
0.008104
0.008289
0.000372
6.24E-06

0.00816
0.003992
0.004413
0.008253
0.004202
0.009597
0.003412
0.009316
0.001028
8.40E-06
0.000128
0.001535
0.000279
0.008036
0.002413
0.006947
0.000245
1.96E-05
0.001869
0.005976

0.00584
0.000146
0.000992
0.001087
9.66E-06
0.000691
0.005977
0.005729
8.19E-05




Table S2. LASSO regression coefficients of sixteen pyroptosis-related IncRNAs.

IncRNA Coefficient
AL031651.2 0.144994
IPO5P1 -0.18597
AC021321.1 -0.43346
AC034229.4 -0.37206
AC011468.1 -0.28031
STAG3L5P-PVRIG2P-PILRB -0.39037
RBMS3-AS3 0.259661
LINCO02446 -0.44938
USP30-AS1 -0.17052
AC010731.2 1.395285
MIR100HG 0.064872
TNFRSF14-AS1 -0.51875
AL354919.2 -0.12758
AL450384.2 -0.28801
PSMB8-AS1 -0.0486

AL355353.1 -0.01124




Table S3: Proportional Hazards Assumption of nomogram Cox Regression

chisq df P
age 0.00436 1 0.95
Gender 0.50937 1 0.48
T stage 0.51808 1 0.47
N stage 1.91813 1 0.17
M stage 0.02906 1 0.86
Stage 1.92675 1 0.17
Risk score 2.32676 1 0.13
GLOBAL 8.07666 7 0.33




Table S4. Gene set enrichment GO analysis results of high risk group 8 pyroptosis-related IncRNAs (Top 10 p-value)

NAME SIZE | NES NOM p-val | FDR g-val LEADING EDGE

GOMF_PROTEIN_TRANSPORTER_ACTIVITY 29 1.73256 | 0.001908 1 tags=48%, list=12%, signal=55%
GOMF_OLIGOSACCHARIDE_BINDING 16 1.705475 | 0.00202 0.991089 tags=63%, list=11%, signal=70%
GOMF_MONOSACCHARIDE_BINDING 67 1.734055 | 0 1 tags=54%, list=13%, signal=62%
GOMF_MANNOSE_BINDING 19 1.771577 | 0 1 tags=68%, list=16%, signal=81%
GOMF_DISULFIDE_OXIDOREDUCTASE_ACTIVITY | 40 1.756601 | 0 1 tags=70%, list=16%, signal=84%
GOMF_2_IRON_2_SULFUR_CLUSTER_BINDING 22 1.729062 | 0.005758 0.91257 tags=50%, list=10%, signal=55%
GOCC_AZUROPHIL_GRANULE_LUMEN 91 1.740597 | 0.004107 1 tags=63%, list=17%, signal=76%
GOCC_AZUROPHIL_GRANULE 153 1.685629 | 0.012474 1 tags=55%, list=15%, signal=65%
GOBP_PEPTIDYL_PROLINE_MODIFICATION 58 1.69061 | 0.004024 1 tags=45%, list=14%, signal=52%
GOBP_CHAPERONE_MEDIATED _PROTEIN_FOLDING | 63 1.7086 |0 1 tags=48%, list=11%, signal=54%




Table S5. Top 10 function of 8 pyroptosis-related IncRNAs from GO enrichment analysis results of low-risk group (Top 10 p-value)

NAME SIZ | NES NOM FDR LEADING EDGE
E p-val g-val
GOMF_LIGAND_ACTIVATED_TRANSCRIPTION_FACTOR_ACTIVITY 52 -1.77725 | O 0.93056 | tags=52%, list=14%,
signal=61%
GOBP_ORGANISM_EMERGENCE_FROM_PROTECTIVE_STRUCTURE 22 -1.7729 | 0 0.50638 | tags=59%, list=1696,
7 signal=70%
GOBP_NEGATIVE_REGULATION_OF _CHOLESTEROL_EFFLUX 15 -1.69327 | 0.005952 |1 tags=53%, list=169%,
signal=63%
GOBP_PHOSPHATIDYLCHOLINE_ACYL_CHAIN_REMODELING 29 -1.65638 | 0 1 tags=45%, list=109%,
signal=50%
GOBP_BRANCHING_INVOLVED_IN_MAMMARY_GLAND_DUCT_MORPHOGEN | 20 -1.63565 | 0.008065 | 1 tags=65%, list=189%,
ESIS signal=79%
GOBP_RETINOIC_ACID_RECEPTOR_SIGNALING_PATHWAY 32 -1.60752 | 0.005859 |1 tags=50%, list=179%,
signal=60%
GOBP_NEGATIVE_REGULATION_OF _STEROL_TRANSPORT 23 -1.60312 | 0.021526 |1 tags=52%, list=169%,
signal=62%
GOBP_DIACYLGLYCEROL_METABOLIC_PROCESS 25 -1.6001 | 0.006036 | 1 tags=48%, list=149%,
signal=56%
GOBP_HISTONE_H3 K4 TRIMETHYLATION 17 -1.59473 | 0.009728 | 1 tags=76%, list=169%,
signal=90%
GOBP_PHOSPHATIDYLETHANOLAMINE_ACYL_CHAIN_REMODELING 23 -1.58862 | 0.014199 |1 tags=43%, list=109,

signal=48%




Table S6. KEGG pathway analysis results 8 pyroptosis-related IncRNAs in high-risk group (Top 10 p-value).

NAME SIZE | NES NOM.pvalue | FDR LEADING EDGE
KEGG_PROTEASOME 46 1.6171805 | 0.028056113 | 0.8888676 | tags=76%, list=13%,
signal=88%
KEGG_PRION_DISEASES 35 1.6146219 | 0.011976048 | 0.45655707 | tags=54%, list=16%,
signal=65%
KEGG_GLYCOSAMINOGLYCAN_BIOSYNTHESIS_CHONDROITIN_SULFATE | 22 1.5632548 | 0.029239766 | 0.5445688 | tags=64%, list=16%,
signal=75%
KEGG_PURINE_METABOLISM 156 1.5081213 | 0.022633744 | 0.7085648 | tags=55%, list=24%,
signal=72%
KEGG_AMINO_SUGAR_AND_NUCLEOTIDE_SUGAR_METABOLISM 42 1.5065918 | 0.036144577 | 0.5736164 | tags=50%, list=16%,
signal=59%
KEGG_RENIN_ANGIOTENSIN_SYSTEM 17 1.4977536 | 0.03426124 | 0.5124177 | tags=59%, list=15%,
signal=69%
KEGG_PROTEIN_EXPORT 24 1.4931266 | 0.042944785 | 0.45845512 | tags=54%, list=17%,
signal=65%
KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 264 1.476344 | 0.049603175 | 0.4640261 | tags=45%, list=15%,
signal=53%
KEGG_AUTOIMMUNE_THYROID_DISEASE 50 1.4361321 | 0.114173226 | 0.57255715 | tags=40%, list=10%,
signal=45%
KEGG_SYSTEMIC_LUPUS_ERYTHEMATOSUS 55 1.4357249 | 0.09325397 | 0.51699173 | tags=65%, list=18%,

signal=80%




Table S7. KEGG pathway analysis results 8 pyroptosis-related IncRNAs in low-risk group (Top 10 p-value).

NAME SIZE NES NOM .pvalue | FDR LEADING EDGE

KEGG_LINOLEIC_ACID_METABOLISM 29 -1.59555 | 0.00996 0.558545 | tags=48%, list=13%, signal=55%
KEGG_ALPHA_LINOLENIC_ACID_METABOLISM 19 -1.43757 | 0.053254 1 tags=53%, list=12%, signal=60%
KEGG_PRIMARY_BILE_ACID_BIOSYNTHESIS 16 -1.3933 | 0.079612 1 tags=38%, list=5%, signal=40%
KEGG_DRUG_METABOLISM_CYTOCHROME_P450 71 -1.36543 | 0.054264 1 tags=41%, list=15%, signal=48%
KEGG_METABOLISM_OF_XENOBIOTICS_BY_CYTOCHROME_P450 | 69 -1.34506 | 0.068762 0.90958 | tags=41%, list=15%, signal=48%
KEGG_GLYCEROPHOSPHOLIPID_METABOLISM 77 -1.34308 | 0.035573 0.767071 | tags=34%, list=15%, signal=40%
KEGG_RETINOL_METABOLISM 64 -1.32524 | 0.048544 0.732856 | tags=38%, list=13%, signal=43%
KEGG_NOTCH_SIGNALING_PATHWAY 47 -1.32319 | 0.084314 0.649976 | tags=64%, list=25%, signal=85%
KEGG_ADIPOCYTOKINE_SIGNALING_PATHWAY 67 -1.27198 | 0.109756 0.783415 | tags=46%, list=18%, signal=56%
KEGG_DORSO_VENTRAL_AXIS_FORMATION 24 -1.21072 | 0.184 0.966428 | tags=42%, list=14%, signal=48%




