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Introduction

Bladder cancer (BLCA) is the ninth most common malignant 
tumor globally, with an evaluated 430,000 newly diagnosed 
patients and 165,000 deaths per year (1). Approximately 70% 
of BLCA are first suffered with non-muscle invasive bladder 
cancer (nMIBC), whose recurrence may progress to muscle-

invasive bladder cancer (MIBC), while some 25% of BLCA 
cases are first diagnosed as MIBC, which is prone to early 
metastasis with inferior prognosis (2). So far, the clinical 
prognosis of BLCA patients mainly relied on pathologic 
grade and Tumor Node Metastasis (TNM) clinical stage 
system. Although the TNM clinical stage system has an 
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essential role in predicting prognosis and guiding treatment, 
it is not sufficient to assess the clinical prognosis of BLCA 
patients, meeting the clinical demands (3). Thus, identifying 
novel reliable prognostic markers and therapeutic targets 
that could further guide the surgeon to optimize the clinical 
treatment is of utmost importance.

Pyroptosis is a newly identified form of programmed 
cell death (PCD), mainly mediated by Gasdermin protein 
family. Unlike apoptosis and autophagy, pyroptosis is 
induced by several pathological stimulations from inside or 
outside, accompanied by immune response and the release 
of inflammatory factors (4). Recently, numerous studies 
have suggested that pyroptosis might have a pivotal role in 
cancer development and progression (5,6). As an essential 
process of pyroptosis, Gasdermin D (GSDMD) protein 
could be cleaved by CASP-1 when the cell is exposed to 
several stimulations (7). In their recent study, Gao et al. (8) 
suggested that a higher expression level of GSDMD protein 
is associated with more invasive malignant tumor features, 
including lower survival rate and larger tumor size in lung 
cancer. Mechanistically, the silence of GSDMD expression in 
non-small cell lung cancer (NSCLC) cells leads to decreased 
activity of the estimated glomerular filtration rate (EGFR) 
signaling pathway, which in turn leads to the inhibition of 
tumor proliferation in vivo. Oppositely, Wang proved that the 
expression of GSDMD protein was negatively related to the 
tumor formation and proliferation in gastric cancer (9). More 
importantly, unlike GSDMD, GSDME-mediated pyroptosis 
was associated with the sensitivity of chemotherapeutic drugs 
and tumor immunity microenvironment (10). Together, 
the process of inducing pyroptosis inside the tumor might 
be considered as a potential therapeutic strategy for tumor 
treatment. However, the exact function of pyroptosis in 
BLCA remains unclear. 

In the current research, we aimed to explore the 
correlation of pyroptosis-related genes (PRGs) with 
clinical prognostic and TME in BLCA, indicating that 
pyroptosis might be considered as a potential target for 
clinical prognostic prediction and effect of immunotherapy 
assessment. We present the following article in accordance 
with the TRIPOD reporting checklist (available at https://
tcr.amegroups.com/article/view/10.21037/tcr-22-177/rc).

Methods

Data download and processing

Transcriptome profiling data harmonized to the fragments 

per kilobase million (FPKM) and the corresponding clinical 
information on BLCA sample were obtain from the official 
The Cancer Genome Atlas (TCGA) on 28 August 2021 
(https://portal.gdc.cancer.gov/repository). A total of 19 
adjacent normal tissues and 411 bladder tumor tissues were 
examined in the current study. We identified 39 PRGs 
according to the previous research, which is shown in 
Table S1 (11-13). The expression data of BLCA samples 
were normalized before comparison. The “limma” package 
of R language was conducted to identify the difference 
expression of PRGs between BLCA tumors and adjacent 
normal tissues. In addition, the “igraph” package of R 
language was used to visualize the correlation network of 
different expression PRGs.

Identification and validation of the pyroptosis signature

First, 70% of BLCA patients were classified as training 
cohort to establish a clinical prognostic risk score signature 
based on the PRGs, and the other 30% of cases were set as 
the testing cohort, which was conducted to evaluate the risk 
score model’s predictive ability. Furthermore, univariate Cox 
regression analysis for R’s “survival” package was employed 
to filter the PRGs, which were statistically correlated 
with the patients’ survival status. Moreover, LASSO Cox 
regression was employed to establish the pyroptosis risk 
model. Finally, 6 PRGs and their coefficients were obtained 
to determine the prediction signature. The risk scores 
of each BLCA samples were calculated by the formula: 

6risk scores i Xi Yi= ∑ ×  (X: coefficients, Y: gene expression). 
Next, the Kaplan-Meier survival analysis was employed to 
examine the survival outcome difference using the “survival” 
R language package. In addition, the correlation between 
risk score and clinical characters of BLCA was evaluated by 
univariate COX regression and multivariate Cox regression 
through the R package “survival”. The clinical features 
included the age at diagnosis, patients’ gender, tumor grade, 
and clinical stage. 

Functional enrichment analyses of differentially expressed 
genes (DEGs)

The DEGs between the two subgroups with high- and low-
risk in the BLCA entire cohort were screened according 
to specific criteria [|log2FC| ≥0.585 and false discovery 
rate (FDR) <0.05]. R language “clusterProfiler” package 
was used to perform Kyoto Encyclopedia of Genes and 
Genomes (KEGG) as well as Gene Ontology (GO) 

https://tcr.amegroups.com/article/view/10.21037/tcr-22-177/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-177/rc
https://portal.gdc.cancer.gov/repository
https://cdn.amegroups.cn/static/public/TCR-22-177-Supplementary.pdf
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enrichment analyses. Besides, gene set enrichment analysis 
(GSEA) (C2:CP:KEGG subset) was also employed to 
explore the signal pathways that statistically changed 
between high- and low-risk subgroups.

Tumor mutational burden (TMB) analysis

TMB measures the number of mutations per megabyte in 
cancer tissue, which could be conducted to estimate the 
effect of anti-tumor immunotherapy (14). To investigate 
the correlation between TMB and risk score, the somatic 
mutation data of BLCA was obtained from the TCGA and 
analyzed using “maftools” package of R language.

Immune cell infiltration analysis

The estimate score, immune score, stromal score and 
tumor purity of each BLCA cases were measured by 
“estimate” package of R language to identify the immune 
characteristics of BLCA patients in different risk score 
subgroups. CIBERSORT.R was conducted to examine the 
infiltration level of immune cells using the “CIBERSORT” 
R package. Besides, the correlation of PRGs risk signature 
with 22 types of immune cells infiltration was also 
performed. 

Statistical analysis

All the bioinformatics analyses were conducted using the 
R language software (version 4.1.0 for Mac). Wilcoxon 
test was employed for the two groups comparison, while 
Kruskal-Wallis test was employed for more than two 
groups comparison. In addition, Spearman correlation 
test was employed to determine the correlation of PRGs 
risk score and certain variables. The receiver operating 
characteristic (ROC) curve was subsequently performed to 
assess the predictive capacity of PRGs signature. Univariate 
Cox regression and multivariate Cox regression models 
were used to assess the association between patients’ 
overall survival and PRGs risk score. A P value <0.05 was 
considered statistically significant.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Results

Different expression of PRGs in adjacent normal and 
tumor tissues

First, the different expression of 39 PRGs was compared 
between cancer and adjacent normal tissues. The obtained 
results revealed that the expression level of 19 PRGs were 
statistically different (P<0.05, Figure 1A). Among them, 
15 genes (HMGB1, GPX4, PLCG1, GSDMD, CASP8, 
CASP3, BAK1, PYCARD, BAX, GSDMB, CASP6, NLRP2, 
AIM2, CASP5, and NLRP7) were up-regulated and 4 genes 
(ELANE, IL6, NLRP3, and NLRP1) were down-regulated 
in tumor tissues (Figure 1B). To further investigate 
the interactions of the PRGs, the correlation network 
containing all the 19 different expressed PRGs is presented 
in Figure 1C. 

Establishment of PRGs risk model in training cohort

The total TCGA BLCA cases were randomly divided into 
training (70%)/validation (30%) cohort. The clinical data 
of BLCA patients in the training cohort were subsequently 
used to establish the prognostic risk score model. Univariate 
Cox regression was first conducted to investigate the 
correlation between PRGs expression and overall survival 
for BLCA samples. Among 39 PRGs, AIM2, CASP6, 
CASP8, CASP9, GSDMB, GZMA, GZMB, and IRF1 were 
filtered to have significant association with overall survival 
of BLCA patients, and all these genes could be considered 
as protecting factors (P<0.05, Figure 2A). Furthermore, the 
LASSO Cox regression analysis was performed, and a total 
of 6 PRGs were ultimately conducted to establish the clinical 
prognostic risk model using the formula: risk score = (AIM2* 
−0.04245) + (CASP6* −0.21147) + (CASP8* −0.05678) + 
(CASP9* −0.32890) + (GSDMB* −0.26059) + (GZMA* 
−0.13959) (Figure 2B, Table 1). Based on the median value 
of PRGs risk score calculated by the formula for every 
BLCA sample, the patients in TCGA training cohort were 
grouped into high- and low-risk subgroups. As shown in 
Figure 2C, the high-risk subgroup exhibited statistically 
more deaths and poorer overall survival than patients in 
low-risk score group (P<0.001, Figure 2D). The principal 
component analysis (PCA) plot showed that patients with 
different risk scores were well separated into two clusters 
(Figure 2E). In addition, as illustrated in Figure 2F, areas 
under the ROC curve (AUCs) of the PRGs risk score for 
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1, 3, and 5 years were 0.705, 0.681, and 0.698, respectively. 
Moreover, univariate Cox regression analysis demonstrated 
that age at the diagnosis, tumor stage, and PRGs risk score 
were potential factors impacting the survival outcome of 
BLCA patients in the training cohort (Figure 2G), while 
multivariate Cox regression analysis proved that the PRGs 
risk signature was an independent factor affecting the clinical 
outcomes of BLCA in training cohorts (HR =2.734, 95% 
CI: 1.807–4.137, while patient’s age was lack of statistical 
significance in multivariate analysis (P=0.112) Figure 2H.

Validation of PRGs risk model in the testing and entire 
cohort

Furthermore, the PRGs risk score model was also validated 
in testing as well as the entire cohort. The BLCA samples 
were also grouped into low- and high-risk score subgroups 

in testing as well as the entire cohort based on the median 
valve of PRGs risk score in training cohort. Consisted with 
the training cohort results, the Kaplan-Meier (K-M) survival 
curves revealed a significant difference in survival outcome 
between the high- and low-risk subgroup in the testing 
(P<0.001, Figure 3A). In addition, as illustrated in Figure 3B,  
the high-risk score group had more patient deaths 
compared with the low-risk score group in the testing and 
entire cohort. In addition, ROC analysis revealed that 
AUC’s for 1, 3, and 5 years were 0.693, 0.686, 0.706 in 
testing group (Figure 3C). PCA plot showed that patients 
with different risk scores were well separated into two 
clusters (Figure 3D). Moreover, univariate and multivariate 
Cox regression analysis proved that the PRGs risk signature 
was an independent factor affecting the clinical outcomes 
of BLCA in testing and entire cohort respectively (P<0.05, 
Figure 3E,3F). The performance of the risk model in entire 
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cohort was consisted with testing cohort (Figure 4A-4F).

Correlations of risk signature with BLCA patients’ clinical 
characteristics

Furthermore, we also investigate the association between 
clinical characteristics, including age at diagnosis, gender, 
grade, clinical stage, T as well as N stage and the risk score. 
As a result, there was a significant correlation between 
high risk score and increasing age, higher clinical stage, T 

Figure 2 Establishment of risk model based on PRGs in TCGA training cohort. (A) Forest plots for univariate Cox regression analysis. (B) 
LASSO regression of the overall survival related 8 PRGs. (C) Distribution of each BLCA samples with different risk score (up); distribution 
of survival status for each sample with different risk score (dead or alive, middle); expression level of 6 PRGs and clinical features in high- 
and low-risk subgroups (down). (D) The survival status curves for BLCA samples with different risk score in training cohort. (E) PCA plot 
for each BLCA samples with different risk score in training cohort. (F) ROC curves tested the specificity and sensitivity of the risk score 
model. (G) Univariate analysis for the overall survival of BLCA samples in TCGA training cohort. (H) Multivariate analysis for the overall 
survival of BLCA samples in TCGA training cohort. **, P<0.01; ***, P<0.001. PRG, pyroptosis-related gene; TCGA, The Cancer Genome 
Atlas; BLCA, bladder cancer; PCA, principal component analysis; ROC, receiver operating characteristic; AUC, area under the ROC curve.

Table 1 Coefficients in the LASSO Cox regression model

i Gene Coef

1 AIM2 −0.04245

2 CASP6 −0.21147

3 CASP8 −0.05678

4 CASP9 −0.32890

5 GSDMB −0.26059

6 GZMA −0.13959
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stage and N stage. Additionally, no statistical significance 
was observed between patient’s gender and tumor grade  
(Figure 5A-5F).

Functional analyses of DEGs in the subgroup with 
different risk score

To further investigate the differences of biological processes 
and signal pathways between the two subgroups with 
different risk score, GO, KEGG, and GSEA function 
enrichment analyses were employed. As a result, the DEGs 
filtered between low- and high-subgroup were mainly 
enriched in “Collagen-Containing Extracellular Matrix”, 
“Extracellular Structure Organization”, “Extracellular 

Matrix Organization”, “Skin Development”, “External 
Encapsulating Structure Organization”, etc. (P<0.05; 
Figure 6A). In addition, KEGG analyses results revealed 
that the DEGs filtered between low- and high-subgroup 
were highly enriched in “Phagosome”, “Focal adhesion”, 
“Epstein-Barr virus infection”, “Antigen processing and 
presentation”, “Protein digestion and absorption”, etc. 
(P<0.05; Figure 6B). In addition, as shown in GSEA results, 
the gene sets of low-risk subgroup were enriched in “Rig 
I Like Receptor Signaling Pathway”, and “Peroxisome”, 
while gene sets of high-risk subgroup were enriched in “Ecm 
Receptor Interaction”, “Glycosaminoglycan Biosynthesis 
Chondroitin Sulfate”, “Arrhythmogenic Right Ventricular 
Cardiomyopathy Arvc”, “Melanoma”, “Focal Adhesion” 

Figure 3 Validation of the PRGs risk mode in TCGA testing cohort. (A) The survival status curves for BLCA samples with different risk 
score in testing cohort. (B) Distribution of samples with different risk score (up); distribution of survival status for each sample with different 
risk score (dead or alive, middle); expression level of 6 PRGs and clinical features in high- and low-risk subgroups (down). (C) ROC curves 
tested the sensitivity and specificity of the risk score model. (D) PCA plot for each BLCA samples with different risk score in testing cohort. 
(E) Univariate analysis for the prognosis of BLCA samples in testing cohort. (F) Multivariate analysis for the prognosis of BLCA samples 
in testing cohort. **, P<0.01. PRG, pyroptosis-related gene; TCGA, The Cancer Genome Atlas; BLCA, bladder cancer; PCA, principal 
component analysis; ROC, receiver operating characteristic; AUC, area under the ROC curve.
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and “Dilated Cardiomyopathy” (Figure 6C).

Correlations of risk signature with TMB in BLCA patients

As a well-known evaluation marker of tumor immunotherapy 
efficacy, we also investigated the association between the 
PRGs risk score and TMB in BLCA tissues. As a result, 
the top 10 highest mutation frequencies were TP53, TTN, 
KMT2D, MUC16, ARID1A, KDM6A, PIK3CA, SYNE1, 
RB1 and FGFR3 (Figure 7A,7B). In addition, TMB was 
found to be significantly lower in high-risk group compared 
with low-risk group (P<0.001, Figure 7C). Moreover, the 
PRGs risk score was also negatively associated with TMB in 
BLCA tissues (r=−0.18, P<0.001, Figure 7D).

Correlations of risk signature with tumor 
microenvironment (TME) and immune activity in BLCA 
tissues

In the current study, we also identified whether the TME 
was associated with the score risk. Our results revealed 
that the low-risk subgroup exhibited a significantly lower 
stroma score (P=0.0058) and higher immune score (P=0.015) 
compared with the high-risk subgroup, while there was no 
statistically difference in tumor purity and estimate scores 
in the subgroups with different risk score in BLCA cohort 
(P>0.05, Figure 7E-7H).

In addition, single sample gene set enrichment analysis 
(ssGSEA) was also employed to identify the enrichment 
scores of immune cell and immune related function 

Figure 4 Validation of the PRGs risk model TCGA entire cohort. (A) The survival status curves for BLCA samples with different risk score 
in TCGA BLCA entire cohort. (B) Distribution of samples with different the risk score (up); distribution of survival status for each sample 
with different risk score (dead or alive, middle); expression level of 6 PRGs and clinical features in high- and low-risk subgroups (down). 
(C) ROC curves tested the specificity and sensitivity of the risk score model. (D) PCA plot for each BLCA samples with different risk score 
in entire cohort. (E) Univariate analysis for the prognosis of BLCA samples in entire cohort. (F) Multivariate analysis for the prognosis of 
BLCA samples in entire cohort. *, P<0.05; ***, P<0.001. PRG, pyroptosis-related gene; TCGA, The Cancer Genome Atlas; BLCA, bladder 
cancer; PCA, principal component analysis; ROC, receiver operating characteristic; AUC, area under the ROC curve.
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between the two subgroups with different risks in the entire 
cohort. As a result, the enrichment scores of most immune 
cell [including activated dendritic cell (aDC), CD8+ T cell, 
neutrophil, natural killer (NK) cell, plasmacytoid dendritic 
cells (pDCs), T follicular helper (Tfh), T helper 2 (Th2) 
cell, and tumor-infiltrating lymphocyte (TIL)] in low-risk 
score subgroup were significantly higher than in the high-
risk score subgroup (P<0.05, Figure 7I,7J). Moreover, with 
reference to the score of the immune function analysis, 
besides antigen presenting cell (APC) stimulation, cytokine-
cytokine receptor (CCR), type II interferon (IFN) response, 
and T cell co-inhibition, the other ssGSEA scores of 
immune function were statistically higher in the low-risk 
score subgroup than high-risk score subgroup, implying 
the immune functions related to pyroptosis might be more 
active in low-risk score subgroup (Figure 7K,7L).

Correlations of risk signature and Immune cell infiltration 
in BLCA patients

CIBERSORT was subsequently employed to explore 
the whether the infiltration level of 22 immune cell was 

associated with the score risk (Figure 8A). The obtained 
results indicated that the infiltration levels of CD8 T cells, 
follicular helper T cells and activated CD4 T cells in the 
high-risk score subgroup were significantly low than in the 
high-risk score subgroup (P<0.05, Figure 8B), while the levels 
of macrophages M2 and M0, as well as mast cells activated in 
a high-risk score subgroup, were statistically higher than that 
in the high-risk score subgroup (P<0.05, Figure 8B). 

Meanwhile, the correlation between infiltration level of 
immune cells and the PRGs risk score was also analyzed. As a 
result, the infiltration proportion of the macrophages M0 and 
M2 cells were positively associated with the risk score, while 
the levels of activated CD4 T cells, T cells regulatory (Tregs), 
CD8 T cells, and follicular helper T cells, had a negative 
associated with PRGs risk score (Figure 8C-8I). In addition, 
among these immune cell types, high infiltration levels of 
B cells memory, macrophages M0, macrophages M2, mast 
resting cells, and neutrophils were significantly associated 
with poor survival outcomes, while increased infiltration 
levels T cells follicular helper, T cells CD8, activated CD4 T 
cell, and plasma cells were related to better OS (all P<0.05, 
Figure 9). Based on the PRGs prognostic model, these 
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results suggested that the high-risk score group has less CD8 
and CD4 T cells infiltration and more anti-inflammatory 
macrophages M2 cells than the low-risk score group, which 
led to a worse tumor clinical prognosis.

Discussion

Growing evidence has indicated that pyroptosis play a 
critical role in the development of many diseases. Of 
particular importance is its dual role in tumor formation 

and microenvironment (15). On one hand, the various pre-
inflammatory mediators released during pyroptosis process 
are related to tumor formation and progression. On the 
other hand, pyroptosis could also suppress the incidence and 
progression of tumors (16). Thus, pyroptosis may become a 
potential therapy for drug-resistant cancers in the future (17). 
However, the exact function of pyroptosis in the development 
and microenvironment of BLCA remains unclear.

In the current study, we first explored the different 
expression of PRGs between adjacent normal and BLCA 
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Figure 7 Correlation of the PRGs risk score with TMB and TME in TCGA BLCA entire cohort. (A) Waterfall showing the top 20 mutated 
genes in low-risk subgroup. (B) Waterfall showing the top 20 mutated genes in high-risk subgroup. (C) Boxplots for the comparison of 
TMB between low- and high-risk subgroup. (D) The correlation between TMB and PRGs risk score in TCGA BLCA cohort. Violin plots 
for the comparison of estimate score (E), immune score (F), stromal score (G) and tumor purity (H) between low- and high-risk subgroup. 
Comparison of the immune cells ssGSEA scores (I) and immune related function (K) between high- and low-risk subgroup. (J) The 
heatmap of the estimate, immune, stromal score, tumor purity and ssGSEA scores of immune cells between low- and high-risk subgroup. 
(L) The heatmap of the estimate, immune, stromal score, tumor purity and ssGSEA scores of immune related function between low- and 
high-risk subgroup. *, P<0.05; **, P<0.01; ***, P<0.001. PRG, pyroptosis-related gene; TMB, tumor mutational burden; TME, tumor 
microenvironment; TCGA, The Cancer Genome Atlas; BLCA, bladder cancer; ssGSEA, single sample gene set enrichment analysis; aDC, 
activated dendritic cell; DC, dendritic cells; iDC, immature dendritic cell; NK, natural killer; pDCs, plasmacytoid dendritic cells; Tfh, T 
follicular helper; Th2, T helper 2; TIL, tumor-infiltrating lymphocyte; APC, antigen presenting cell; CCR, cytokine-cytokine receptor; 
HLA, human leukocyte antigen; MHC, main histocompatibility complex; IFN, interferon.

A
P

C
 c

o-
in

hi
bi

tio
n

PA
C

 c
o-

st
im

ul
at

io
n

C
C

R

C
he

ck
-p

oi
nt

C
yt

ol
yt

ic
 a

ct
iv

ity

H
LA

In
fla

m
m

at
io

n-
pr

om
ot

in
g

M
H

C
 c

la
ss

 I

P
ar

ai
nf

la
m

m
at

io
n

T 
ce

ll 
co

-i
nh

ib
iti

on

T 
ce

ll 
co

-s
tim

ul
at

io
n

Ty
pe

 I 
IF

N
 re

sp
on

se

Ty
pe

 II
 IF

N
 re

sp
on

se

Tumor purity
ESTIMATE score
Immune score
Stromal score
Risk

0.9

0.3

4000

−2000

3000

−1000

2000

−2000

Low
High

Tumor purity

ESTIMATE score

Immune score

Stromal score

Risk

4

2

0

−2

−4

Tumor purity
ESTIMATE score
Immune score
Stromal score
Risk

Type II IFN response
NK cells
Type I IFN response
APC co-inhibition
HLA
Cytolytic activity
Inflammation-promoting
T cell co-inhibition
Check-point
T cell co-stimulation
PAC co-stimulation
CCR
Parainflammation

Missense mutation
Frame shift del
Nonsense mutation

Missense mutation
Nonsense mutation
Frame shift del

Frame shift ins
In frame del
Multi hit

Frame shift ins
In frame del
Multi hit

High
Low

High
Low

Risk Risk

aD
C

s

B
 c

el
ls

C
D

8+
 T

 c
el

ls

D
C

s

iD
C

s

M
ac

ro
ph

ag
es

M
as

t c
el

ls

N
eu

tr
op

hi
ls

N
K

 c
el

ls

pD
C

s

T 
he

lp
er

 c
el

ls

Tf
h

Th
1 

ce
lls

Th
2 

ce
lls TI
L

Tr
eg

NK cells
Th2 cells
DCs
Macrophages
T helper cells
aDCs
Th1 cells
Treg
CD8+ T cells
Tfh
pDCs
TIL
iDCs
Mast cells
B cells
Neutrophils

Tu
m

or
 m

ut
at

io
na

l b
ur

de
n

S
co

re
S

co
re

Im
m

un
e 

sc
or

e

S
tr

om
al

 s
co

re

Tu
m

or
 p

ur
ity

E
S

TI
M

AT
E

 s
co

re

LowLow Low Low

LowLow

Low

Low

Low LowRiskRisk

Risk

**** * * * * ****

*** ***** ** ** ** ****

***

Risk

Risk Risk

HighHigh High High

0.0150.081 0.0058 0.81

HighHigh

High

High

High High

Tu
m

or
 m

ut
at

io
na

l b
ur

de
n

25

20

15

10

5

0

1.00

0.75

0.50

0.25

0.0

1.0

0.8

0.6

0.4

4000

2000

0

−2000

2000

0

−2000

1.2

0.9

0.6

0.3

6000

3000

0

−3000

−6000

20

15

10

5

0

Low-risk

0.00037
Low-risk

High-risk
Risk score

R=−0.18, P=0.00041

−4 −3 −2

High-risk

A B C D

E F G H

I J

K L



Translational Cancer Research, Vol 11, No 7 July 2022 1875

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2022;11(7):1865-1879 | https://dx.doi.org/10.21037/tcr-22-177

tissues, finding that the expression level 19 PRGs was 
statistically different between BLCA and adjacent normal 
tissues in the TCGA BLCA cohort. Except for ELANE, 
IL6, NLRP3, and NLRP1, the other differently expressed 
PRGs were up-regulated in BLCA tissues, thus indicating 
that the occurrence of pyroptosis might be more prevalent 
in BLCA tissues. One possible explanation is that the 

inflammatory mediators released during the pyroptosis 
process might promote tumor formation, leading to the high 
expression of PRGs (18). However, whether the number of 
inflammatory mediators released by pyroptosis activation 
could induce the occurrence of cancer needs to be further 
studied. Since pyroptosis might have an opposite role in 
promoting and suppressing tumor progression in different 
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tissues and genetic backgrounds, we further investigated 
whether the expression level of PRGs was correlated with 
the OS of the BLCA patients. Univariate Cox regression 
analyses revealed that several PRGs were related to the 
clinical prognosis of BLCA patients. Interestingly, the high 
expression levels of these PRGs predicted a good prognosis, 
thus suggesting that the PRGs could be considered as 
protective factors in BLCA patients. These results were also 
consistent with recent studies on the other different types of 
cancer (11,19). 

Furthermore, a prognostic risk score model based 
on 6 PRGs (AIM2, CASP6, CASP8, CASP9, GSDMB, 
and GZMA) was moderately performed in prognostic 
predictions of BLCA patients. Survival analysis indicated 
that BLCA samples with low-risk scores were related 

to a better prognosis compared with high-risk patients. 
Moreover, multivariable Cox regression analysis shown 
that the PRGs risk score could result as an independent 
factor affecting the overall survival of BLCA patients in 
training, testing, as well as total cohorts. Furthermore, our 
results also proved that the PRGs risk score was correlated 
with the following clinical features of BLCA patients: 
age, clinical stage, and TNM status. These results further 
confirmed that pyroptosis could inhibit tumor progression 
by promoting cell death, thus acting as a protective factor in 
BLCA patients. 

Pyroptosis, also called GSDM mediated PCD, was first 
discovered in epithelial tissues (20). As a major part of the 
GSDM family, GSDMB protein can be cleaved by CASP-
1, leading to cell pyroptosis by the release of the N-terminal 
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domain (21). Several studies have shown that GSDMB could 
promote pyroptosis and suppress the growth of tumor cells 
(7,22). Consistent with the previous study (7), our results 
indicated high expression level of GSDMB predicted a good 
clinical prognosis in BLCA patients. However, the precise 
function of GSDMB in cancer is still controversial. A recent 
study reported that the expression level of GSDMB protein 
was down-regulated in normal tissue compared with BLCA 
tissues, while overexpressed GSDMB facilitated tumor 
progression by interacting with STAT3 and enhancing 
the glycolysis of BLCA cells (23). In addition, the clinical 
outcomes of HER2-positive breast cancer with high 
expression level of GSDMB were found to significantly 
predict a poor prognosis, accompanied by trastuzumab 
resistance (24). AIM2, which is known as a tumor suppressor, 
has been found in many types of malignant tumors, 
including gastric, endometrial, and colon cancers, due to its 
inactivation (25). In their recent study, Kumari proved that 
AIM2 activates CASP-1 through apoptosis-associated speck-
like protein containing a CARD (ASC) mediated junctional 
proteins to promote tumor cell pyroptosis, accompanied 
by the release of pre-inflammatory mediators such as IL-
1β and IL-18 (26). CASP-6 has been proven to regulate 
inflammation activation and promote GSDMD-induced cell 
pyroptosis (27). Except for pyroptosis, CASP-6 also has a 
critical role in promoting apoptosis and necroptosis (28). In 
general, our results proved that the PRGs in the risk model 
acted as a cancer suppressor, and due to high expression 
levels of these genes predicted a good prognosis of BLCA 
patients. Yet, the molecular mechanism of these genes needs 
to be further studied.

The cellular components of TMEs include endothelial 
cells, stromal cells, tumor cells, and immune cells. 
Accumulating evidence indicated that inflammatory 
cytokines released during pyroptosis process, including 
ATP, HMGB1, IL-1β, and IL-18, could exert an important 
influence on the TME (29). A recent study conducted 
by Zhang proved that malignant tumors with the high 
expression level of GSDME exhibited increased infiltration 
level of immune cells, including NK cells and CD8+ T cells, 
whereas GSDME-deficient malignant tumors exhibited 
reduced infiltration of immune cell (30). Consistent with 
these previous studies, by analyzing the immune cell and 
immune pathways in TME, our results proved that the 
activation of pyroptosis increased the infiltration level of 
CD4+ and CD8+ T cells, whereas it reduced M0 and M2 
cells populations, which have been indicated to suppress 
anti-tumor immunity system and to be related to poor 

prognosis in previous studies (31).
However, there are several limitations in our study. First, 

the data in the study was obtained from public databases. 
Second, the definitive functions of PRGs in BLCA require 
further experiments. In addition, the performance of the 
PRGs model was not verified in another independent cohort.

Taken together, our study revealed that pyroptosis 
was closely related to BLCA as most of the PRGs were 
highly expressed in tumor tissues. Moreover, a novel 
prognostic model based on 6 PRGs was constructed, and 
the PRGs signature considered as an independent risk 
factor for predicting BLCA prognosis. In addition, the 
PRGs risk score was also associated with the level of anti-
tumor infiltrating immune cells; thus, pyroptosis might be 
regarded as a novel strategy in cancer diagnosis and therapy. 
However, future studies need to investigate further the 
adverse and beneficial influence of pyroptosis on malignant 
tumors.
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Supplementary

Table S1 Pyroptosis related genes

Genes Full name 

AIM2 absent in melanoma 2

CASP1 cysteine-aspartic acid protease-1

CASP3 cysteine-aspartic acid protease-3

CASP4 cysteine-aspartic acid protease-4

CASP5 cysteine-aspartic acid protease-5

CASP6 cysteine-aspartic acid protease-6

CASP8 cysteine-aspartic acid protease-8

CASP9 cysteine-aspartic acid protease-9

GPX4 glutathione peroxidase 4

GSDMA gasdermin A

GSDMB gasdermin B

GSDMC gasdermin C

GSDMD gasdermin D

GSDME gasdermin E

GZMA granzyme A

NLRC4 NLR family CARD domain containing 4

NLRP1 NLR family pyrin domain containing 1

NLRP2 NLR family pyrin domain containing 2

NLRP3 NLR family pyrin domain containing 3

NLRP6 NLR family pyrin domain containing 6

NLRP7 NLR family pyrin domain containing 7

NOD1 nucleotide binding oligomerization domain containing 1

NOD2 nucleotide-binding oligomerization domain 2

PJVK pejvakin

PLCG1 phospholipase C gamma 1

PYCARD PYD and CARD domain containing

SCAF11 SR-related CTD associated factor 11

TIRAP TIR domain containing adaptor protein

TNF tumor necrosis factor

GZMB granzyme B

IRF1 interferon regulatory factor 1

IRF2 interferon regulatory factor 2

ELANE elastase, neutrophil expressed

HMGB1 high mobility group protein B1

IL18 interleukin 18

IL1B interleukin 1 beta

IL6 interleukin 6

BAK1 Brassinosteroid Insensitive 1 (BRI1) associated kinase receptor 1

BAX BCL2-associated X protein


