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Abstract: Objective: To evaluate the predictive value of pyroptosis-related genes for the prognosis and immune
escape of bladder cancer (BC). Methods: Transcriptomic and single nucleotide polymorphisms (SNPs) data were
downloaded from The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) portal. Least absolute
shrinkage and selection operator (LASSO) analysis was carried out to construct a prognostic risk model for BC
patients. Results: Based on the expression of 50 pyroptosis-related genes, BC patients from TCGA database were
divided into two clusters, which showed significant differences in overall survival and disease specific survival.
Furthermore, we intersected the differentially expressed genes between these two clusters with those identified
from the GSE13507 dataset and finally identified eight survival related genes, which was used to construct a prog-
nostic risk model by LASSO Cox regression. According to the model, the high-risk (HR) group was closely associated
with poor survival or the advanced pathological stage of BC. In addition, the HR group was mainly enriched in cell
cycle and immune-related pathways and had a higher TP53 mutation rate than the low-risk (LR) group. Furthermore,
these two risk groups were significantly related to immune cell composition, immune cell infiltration, and immune
response. Importantly, a higher expression of PD-1, PD-L1, and CTLA4 as well as higher immune exclusion scores
were found in the HR group, suggesting a higher possibility of immune escape. Conclusion: Our studies revealed the
key role of pyroptosis in predicting the prognosis, TP53 mutation, and immune escape of patients with BC.
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Introduction

Bladder cancer (BC) is the most commonly
diagnosed malignancy of urinary system world-
wide [1, 2]. The known risk factors for BC
include sex, age, race, chemicals, radiation,
drugs, chronic infection, genetics, and smoking
[3]. Despite the advancement on current treat-
ment options such as surgery, chemotherapy,
and molecular targeted therapy, many patients
still experience unsatisfactory therapeutic out-
comes, and the incidence and mortality of BC
are increasing in recent years [4]. Therefore, it
is imperative to explore novel effective thera-
peutic methods and molecular targets to
improve the prognosis of BC.

Pyroptosis is a type of programmed cell death
associated with inflammation, as some inflam-

masomes can activate caspase-1, 4, 5, 11 to
initiate the process of pyroptosis [5]. The phe-
notypic changes in cells undergoing pyroptosis
include cytoplasmic swelling, chromatin frag-
mentation, cell membrane perforation, the gen-
eration of intracellular proinflammatory cyto-
Kines, and, finally, the leakage of cytosolic con-
tents [6]. During tumor development, pyroptosis
has been found to play dual roles as either
inhibiting or promoting tumorigenesis via differ-
ent mechanisms [7]. Furthermore, pyroptosis
has been associated with prognosis of BC, and
pyroptosis-related genes affect the formation
of the tumor immune microenvironment in BC
[8]. However, the role of pyroptosis in the prog-
nosis and the immunity of BC remain to be elu-
cidated, and the systematic and comprehen-
sive understanding of the predictive value of
pyroptosis is still limited [9].
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Immune escape leads to different outcomes in
bladder cancer and has been closely associat-
ed with immune checkpoints [10]. Accumulating
evidence has indicated that the expression of
PD-1, PD-L1 and CTLA4 dictates the efficacy of
immunotherapy in BC [11]. At present, several
immune checkpoint inhibitors such as MPD-
L3280A (an anti-PD-L1 drug) have been
approved for the treatment of BC by The Food
and Drug Administration (FDA) and have shown
significant antitumor activity in metastatic BC
[12]. Therefore, stratifying patients with high
expression of immune checkpoints can im-
prove the efficacy of immunotherapy in BC. On
the other hand, gene mutations can also be
used to predict cancer prognosis. For example,
TP53 is one of the most commonly mutated
genes in cancer, and TP53 mutation promotes
tumor development and results in poor overall
survival [13, 14]. In addition, KMT2D mutations
are also associated with the poor prognosis of
patients with cancer [15]. These data indica-
te the importance of accurately identifying
patients with gene mutation in the precision
treatment of BC.

Therefore, this study aimed to establish a
molecular model that could reliably predict the
prognosis, gene mutations, and immune es-
cape based on the pyroptosis-related genes in
BC, and provide novel potential molecular tar-
gets for the treatment of patients with BC.

Materials and methods
Data collection

The transcriptome data, SNPs data, and the
related clinical information of 430 samples
(411 BC patients and 19 normal samples) were
downloaded from the TCGA database (https://
tcga-data.nci.nih.gov/tcga/). In addition, the
transcriptome data and the clinical information
of 187 BC patients were acquired from the GEO
database (http://www.ncbi.nIm.nih.gov/geo/).

Identification of differentially expressed genes

We first normalized all transcriptomics data by
log2(x+1). Then, we utilized the R package with
FDR<0.05 and |log2FC| >1 to identify differen-
tially expressed genes (DEGs) in both TCGA and
GEO cohorts.

Protein-protein interaction network

We explored the protein-protein interaction net-
work (PPI) for pyroptosis-related genes by using
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STRING (https://string-db.org/) and Cytoscape
software.

Functional enrichment analysis

We utilized gene set enrichment analysis (GS-
EA) (http://www.gsea-msigdb.org/gsea/index.
jsp) and the Database for Annotation, Visua-
lization and Integrated Discovery (DAVID)
(https://david.ncifcrf.gov/) to perform gene
ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analyses for
different risk groups.

Establishment of the prognostic risk model

We first performed univariate Cox analysis to
determine the survival related DEGs in both
TCGA and GEO cohorts. After cross-validation
of the two datasets, eight genes associated
with survival were identified. Next, we estab-
lished a prognostic risk model by performing
the LASSO Cox regression. The risk score was
calculated by the formula: Y8 Ai x Bi (A: coeffi-
cients, B: gene expression level). Finally, all
samples from both TCGA and GEO cohorts were
divided into low-risk (LR) and high-risk (HR)
groups according to the risk score for further
analysis.

Statistical analysis

We employed one-way ANOVA and t test for
comparison between LR and HR groups, and
the comparison of two or more constituent
ratios was tested by chi-square test. Kaplan-
Meier analysis was used to estimate the sur-
vival of patients in different risk groups.
Spearman test was used for correlation analy-
sis. The receiver operating characteristic curve
(ROC) was used to evaluate the prediction effi-
ciency of our model. Heat map, waterfall curve,
and box plots were visualized by R software
(version 3.5.1). We processed all statistical
analyses by SPSS 19.0 software (SPSS. Inc.,
Chicago, IL, USA) or R software. P<0.05 was
considered statistically significant.

Results

Pyroptosis-related genes could predict the
prognosis in BC

Based on our literature review, we first selected
50 pyroptosis-related genes and analyzed their
expression levels in 430 samples, including
411 BC and 19 normal samples, from the TCGA
database. We found that 72% (36/50) pyropto-
sis-related genes, especially AIM2 and HMGB1,
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Figure 1. The expression of pyroptosis-related genes could distinguish the prognosis in bladder cancer. (A) Heat-
map of pyroptosis-related genes expression between normal and BC samples in TCGA cohort. (B) The correlation
network of Pyroptosis-related genes. (C) The protein-protein interaction network of pyroptosis-related genes. (D) BC
samples (n=411) were divided into two clusters based on the consensus clustering matrix (k=2) in TCGA cohort. (E,

F) Kaplan-Meier analysis of DSS (E) and OS (F).

were upregulated in BC when compared with
normal samples (Figure 1A). In addition, these
pyroptosis-related genes exhibited a strong
protein-protein interaction and correlations
among them (Figure 1B, 1C). These findings
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suggested that pyroptosis-related genes were
coordinated with each other and involved in BC.

To further explore the influence of pyroptosis on
the prognosis of BC, we performed a consen-
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sus clustering analysis on these 50 pyroptosis-
related genes. We found that when the cluster-
ing variable (k) was 2 (cluster C1 and C2), the
BC samples could be well separated (Figure
1D). Samples in C2 had higher survival proba-
bility in both disease-specific survival (DSS)
and overall survival (0S) than samples in C1
(P<0.001) (Figure 1E, 1F), suggesting that
these pyroptosis-related genes were related to
the prognosis of patients with BC.

A risk model for the prognosis of BC patients

Based on the results from gene cluster analy-
sis, 230 DEGs were identified between the LR
and HR groups of TCGA samples, of which 72
were considered as survival-related genes
since their expression was clearly associated
with DSS (Figure 2A; Supplementary Table 1).
Next, we intersected these survival-related
genes with those obtained from the 187 BC
samples in GSE13507 dataset and identified
eight survival-related genes (KRT1, DSG3,
PCOLCE2, ALDH1L2, CTSE, SULT1E1, GSDMB,
BCL2L14). We further performed LASSO cox
regression analysis to establish an 8-gene risk
model based on the optimum A value (Figure
2B, 2C). Moreover, we calculated the risk score
of each sample using the formula: Risk score =
(0.06 * expression of KRT1) + (0.05 * expres-
sion of DSG3) + (-0.68 * expression of
BCL2L14) + (0.12 * expression of ALDH1L2) +
(-0.05 * expression of CTSE) + (-0.01 * expres-
sion of SULT1E1l) + (-0.23 * expression of
GSDMB) + (0.06 * expression of PCOLCE2).

According to the median risk score, the 393 BC
patients in TCGA cohort with complete survival
information were separated into high-risk (HR)
and low-risk (LR) groups (Supplementary Figure
1A). Compared with LR group, the patients in
HR group had high mortality rate and shorter
overall survival (Supplementary Figure 1B).
Furthermore, principal component analysis
(PCA) and t-distributed stochastic neighbor
embedding (t-SNE) analyses indicated that
patients in these two risk groups could be well
separated (Supplementary Figure 1C, 1D).
Kaplan-Meier analysis for DSS indicated that
patients in the HR group had higher mortality
rate than patients in the LR group (P<0.001,
Figure 2D). The predictive power of our risk
model on DSS was validated by receiver operat-
ing characteristic (ROC) analysis, as the area
under the ROC curve (AUC) was 0.737, 0.708
and 0.697 for 1-, 3-, 5-year survival, respective-
ly (Figure 2H).
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Moreover, patients in the HR group had worse
OS and progression-free survival (PFS) than
patients in the LR group (P<0.001, Figure 2E,
2G); however, there was no obvious difference
in disease free survival (DFS) between these
two groups (P=0.704, Figure 2F). To further
validate the predictive power of our model, ROC
analysis for OS and PFS was conducted.
Consistently, AUC value was 0.691, 0.701 and
0.682 for 1-, 3-, 5-year OS, respectively (Figure
2l), while AUC value was 0.724, 0.624 and
0.623 for 1-, 3-, 5-year PFS, respectively (Figure
2J). Together, these data demonstrated the
superior predictive power of our risk model for
the survival of BC patients.

The HR group predicted poor clinical features
of BC patients

We first created the heatmap of samples from
TCGA cohort to demonstrate the expression of
the eight survival-related genes in the two risk
groups. The data showed that the expression of
KRT1, DSG3, PCOLCE2 and ALDH1L2 genes
was higher in the HR group than in the LR gro-
up, while the expression of CTSE, SULT1E1,
GSDMB and BCL2L14 genes was lower in the
HR group than in the LR group (Figure 3A).
Next, we investigated the correlation between
the clinical characteristics and the risk groups
in TCGA cohort. We found that the clinical fea-
tures such as race, diagnosis subtype, neo-
plasm histologic grade and tumor stage were
strongly associated with the risk scores
(P<0.05) (Figure 3B). Although most BC pa-
tients with stage 2 or 3 tumors were evenly dis-
tributed in both risk groups (73% in LR group
and 61% in HR group), more patients with tu-
mor stage 4 were in HR group than in LR group
(39% vs 26%) (P=0.001) (Figure 3C). Similar
results were obtained in GEO cohort (Figure
4A). And clinical features such as invasiveness
status, tumor grade, and tumor progression
status were also strongly associated with risk
scores (Figure 4B). Likewise, the number of
patients with high tumor grade was much high-
er in the HR group than in the LR group (56% vs
19%) (P=0.001) (Figure 4C). Furthermore, we
also investigated the T stage profiles of patients
in these two risk groups using the GEO cohort
and found that more patients with lower tumor
stage (Ta and T1) were in the LR group than in
the HR group (46% vs 79%) (Figure 4D).
Collectively, these results demonstrated that
HR group predicted poor clinical prognosis.

Am J Transl Res 2022;14(11):7744-7757
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Figure 2. Construction of a prognostic risk model based on the data from TCGA and GEO. A. Heatmap of gene ex-
pression of different classification in TCGA cohort. B. LASSO Cox regression analysis for the 8 survival-related genes
in both TCGA and GEO cohorts. C. Cross-validation between TCGA and GEO cohorts in the LASSO regression. D-G.
Kaplan-Meier analysis for DSS, OS, DFS, PFS in risk groups, respectively. H-J. ROC analysis was used to verify the
predictive efficiency of the risk model for DSS, OS and PFS, respectively.
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Figure 3. The HR group predicted the poor clinical features of BC patients. A. Heatmap of the 8 survival-related
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Figure 5. Gene mutation status and functional enrichment analysis for risk groups. A, B. Top 20 mutated genes in
the HR and LR groups in TCGA cohort. C, D. KEGG enrichment analysis of the HR and LR groups in TCGA and GEO
cohorts. E, F. GO enrichment analysis for the HR and LR groups in TCGA and GEO cohorts.

Gene mutation status and functional enrich-
ment analysis

To assess the gene mutation status in these
two risk groups, we used Maftools to analyze
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the gene mutation in all 393 BC samples from
TCGA cohort, and the top 20 mutated genes in
the HR and LR groups were listed in Figure 5A
and 5B, respectively. Overall, the HR and LR
groups had similar total mutation frequencies
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(93.88% vs 93.4%). However, TP53, the most
frequently mutated gene in both risk groups,
exhibited higher mutation rate in HR group than
in LR group (54% vs 39%). Similarly, KMT2D
mutation rate was also higher in HR group than
in LR group (28% vs 23%). The high mutation
rate of these genes might partially attribute to
the poor prognosis of patients in the HR group.

Next, we applied GSEA enrichment analysis to
further investigate the biological functions or
pathways enriched in these two risk groups.
KEGG enrichment analysis showed that path-
ways related to cell cycle, cytokine receptor
interactions, and cell adhesion molecules were
markedly enriched in the HR group of both
TCGA and GEO cohorts (Figure 5C, 5D;
Supplementary Tables 2, 3). In addition, GO
enrichment analysis showed that such cellular
processes as cell response to biological stimu-
lus, cell chemotaxis, regulation of humoral
immune response, and negative regulation of
immune system were highly enrichment in the
HR group of both TCGA and GEO cohorts
(Figure 5E, 5F; Supplementary Tables 4, 5).
Furthermore, 23 DEGs between the HR and LR
groups of TCGA cohort, and 22 DEGs from the
GEO cohort were identified. We then performed
GO and KEGG enrichment analysis on these
DEGs using DAVID software. We found that
DEGs were mostly enriched in drug metabolic
process, regulation of T cell migration, and che-
mokine activity in both TCGA and GEO cohorts
(Supplementary Figure 2A, 2B), suggesting the
difference in prognosis and immune function
between the HR and LR groups of BC patients.

The HR group predicted a higher risk of im-
mune escape

To further explore the difference in tumor
immunity between the HR and LR groups, we
investigated their correlation with clinical
immune subtypes using the samples from
TCGA cohort. The data showed that wound
Healing (Immune C1) and IFN-gamma Dominant
(Immune C2) were higher in the HR group than
in the LR group (94% vs 78%), while Inflamma-
tory (Immune C3) and Lymphocyte Depleted
(Immune C4) were higher in the LR group than
in the HR group (22% vs 7%) (P=0.001) (Figure
6A). These results further demonstrated the
difference in immune response between HR
and LR groups. Moreover, we investigated the
composition of infiltrating immune cells and
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immune functions in these two risk groups from
the TCGA cohort. We observed a lower level of
NK cells and Th2 cells in the HR group, while a
higher level of Treg cell, immune checkpoint,
and T cell co-inhibitory signal in the HR group,
suggesting the potential risk of immune es-
cape in the HR group. Nevertheless, we also
observed that some immune cell infiltration
and immune response were higher in the HR
group, suggesting the complexity of tumor
microenvironment (Figure 6B, 6C). Therefore,
we evaluated the immune exclusion score of
patients in the TCGA cohort and found that the
HR group had a higher probability of immune
exclusion (Figure 6D). Importantly, we exam-
ined the expression level of immune check-
points such as PD-1, PD-L1, and CTLA4 in sam-
ples from both TCGA and GEO cohorts. Higher
expression of PD-1, PD-L1, and CTLA4 was
found in the HR group compared to the LR
group (Figure G6E-G, Supplementary Figure
3A-C). Meanwhile, the risk score was signifi-
cantly positively correlated with the expression
levels of PD-1, PD-L1, and CTLA4 (Figure 6E-G,
Supplementary Figure 3A-C). Taken together,
our study suggested that patients in the HR
group might suffer from immune escape and
would be more likely to benefit from im-
munotherapy.

Discussion

Accumulating evidence has indicated that
pyroptosis plays important roles in the develop-
ment and progression of cancer. In our current
study, we revealed the predictive value of
pyroptosis in the prognosis of patients with BC.
Importantly, we found that the expression of
AIM2 and HMGB1 was significantly upregulat-
ed in BC in our cohorts. AIM2 is known as an
innate immune sensor and can initiate pyropto-
sis to help prevent from infection. In support
with this notion, the dysregulation of AIM2 is
found to be closely associated with immune
activity-related diseases and cancer [16].
HMGB1, as a nuclear protein, is involved in
immune response and regulates apoptosis
[17]. The dysregulation of HMGB1 is also report-
ed to lead to inflammatory diseases and cancer
[18].

In our study, we constructed a risk model with
eight survival-related genes (KRT1, DSG3,
PCOLCE2, ALDH1L2, CTSE, SULT1E1, GSDMB
and BCL2L14). Among these genes, the expres-
sion of KRT1, DSG3, PCOLCE2, and ALDH1L2
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was upregulated in the HR group. KRT1 has
been reported to be associated with the aggres-
sive subtype of BC [19], while DSG3 is a compo-
nent of the desmosome involved in strong cell-
cell adhesion and in the distinction of metastat-
ic urothelial carcinoma [20]. PCOLCE2 is identi-
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Figure 6. The HR group predicted a higher possibility of
immune escape in BC patients. A. Chi-square test for risk
groups and immune subtypes (C1: Wound Healing, C2:
IFN-gamma Dominant, C3: Inflammatory, C4: Lymphocyte
Depleted) in TCGA cohort. B, C. The differences of 16 im-
mune cells infiltration and 13 immune functions between
the HR and LR groups in TCGA cohort. D. The difference of
immune exclusion score between the HR and LR groups
in TCGA cohort. E-G. The differential expression of CD274
(PD-L1), PDCD1 (PD-1) and CTLA4 between the HR and
LR groups, and the correlation between risk score and the
expression of CD274, PDCD1 and CTLA4 in TCGA cohort.

fied as a potential tumor marker, as the high
expression of PCOLCE2 may attribute to tumor-
igenesis [21]. ALDH1L2 is a major member of
folate-metabolizing enzymes, and the high
expression of ALDH1L2 is reported to lead to
poor OS and poor recurrence free survival of
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colorectal tumor patients [22]. These findings
were consistent with our data suggesting that
high expression levels of these genes may
associate with the occurrence and the poor
prognosis of cancer patients.

In contrast, the other 4 genes (CTSE, SULT1E1,
GSDMB and BCL2L14) used in our model were
upregulated in the LR group. CTSE is reported
to function in immune regulation, and high
CTSE level may promote the chemoradiothera-
py resistance and reduce the survival of rectal
cancer patients [23]. However, in our study, BC
patients in the LR group had higher expression
of CTSE and better survival, which migh be due
to the heterogeneity of the cancer and other
unknown mechanisms. SULT1E1 is reported to
inhibit the proliferation and invasion of breast
cancer cells [24]. GSDMB is a key molecule par-
ticipating in the regulation of pyroptosis and
enhances the activity of cytotoxic lymphocyte,
thereby stimulating anti-tumor immunity via
regulating pyroptosis [25, 26]. BCL2L14 is a
proapoptotic protein that activates and induces
apoptosis, an important mechanism of antitu-
mor activity [27]. These findings demonstrated
the possible working mechanism of our risk
model in predicting the prognosis of BC
patients.

Regarding the gene mutations in our risk
groups, we found that TP53 mutation rate was
significantly higher in the HR group than in the
LR group. Under normal circumstances, TP53
is a tumor suppressor gene and induces cell
apoptosis when DNA damage occurs or cell
cycle is arrested [28]. However, it has been
reported that TP53 is one of the most frequent-
ly mutated genes in cancer and is associated
with shorter OS of BC patients with TP53 muta-
tion [29-31]. In our study, the HR group had
higher TP53 mutation rate, which might be part
of the reason for the poor prognosis in HR
group. Furthermore, we found a lower level of
NK cells and Th2 infiltration in the HR group,
while a higher level of Treg cell, immune check-
points, and T cell co-inhibitory signal in the HR
group, which could be another mechanism for
the poor prognosis of patients in the HR group.
Surprisingly, compared with LR group, we
observed that some infiltrating immune cells
and immune responses were higher in the HR
group. Since the roles of immune cell infiltra-
tion in cancer are complex, our observation of
high immune cell infiltration in the HR group
needs further investigation.
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Immune checkpoint blockade therapy has been
proven effective in many types of cancer includ-
ing BC [32]. Cancer cells with high level of PD-1
and CTLA4 are correlated with inactivating
tumor specific T cells and immune evasion,
which attributes to poor prognosis [33]. Hence,
treatment with anti-PD-1, anti-PD-L1, or anti-
CTLA4 can enhance T cell function and anti-
tumor immunity [34]. For example, it was
reported that after receiving immunotherapy,
the objective response rate was 26% in pa-
tients with high PD-L1 expression level, while it
was only 4% in PD-L1 expression-low patients
[35], indicating that PD-L1 expression level
could predict immunotherapeutic response. In
our study, we found higher expression levels of
PD-1, PD-L1 and CTLA4 in the HR group in both
TCGA and GEO cohorts, suggesting that the
patients in HR group might benefit from immu-
notherapy; therefore, our model could poten-
tially be used to predict the immunotherapeutic
response in BC.

Conclusions

In conclusion, our results indicated that the
pyroptosis-related gene signature could be
used to predict the prognosis, TP53 mutation,
and immune escape of patients with BC. These
findings may also provide new potential targets
for precision treatment of BC.
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