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Background: Pyroptosis is a newly found form of programmed cell death, accompanied by inflammatory 
response as well as immune response. Here, the specific function and prognosis predictive of pyroptosis-
related genes (PRGs) were systematically explored in lung adenocarcinoma (LUAD).
Methods: The gene expression data and corresponding clinical information of LUAD patients were 
obtained from The Cancer Genome Atlas (TCGA), and the expression level of PRGs was identified between 
normal and tumor tissues. Furthermore, univariate Cox proportional hazards regression was conducted 
to filter the PRGs related to overall survival, and least absolute shrinkage and selection operator (LASSO) 
regression was subsequent employed to establish the PRGs risk model. Besides, the correlation of risk score 
with patients’ clinical features, tumor mutational burden (TMB) as well as tumor microenvironment (TME) 
was also investigated.
Results: A total of 5 PRGs (NLRC4, NLRP1, NLRP3, NOD1, PLCG1, and BAK1) was used to establish the 
risk prognostic model. According the median value of risk score, all the patients were classified into low- and 
high-risk score group. Kaplan-Meier analysis indicted that the LUAD patients in low-risk group exhibited a 
better survival outcome compared the patients in high-risk group (P<0.001). After adjusting for age, gender, 
and clinical stage, the risk score was also considered as and independent risk factor affecting the overall 
survival of LUAD patients (HR =2.949, 95% CI: 1.762–4.937). Moreover, low-risk score group exhibited a 
higher Immune score and lower Tumor purity compared with high-risk score group. ssGSEA results proved 
that the enrichment scores of most immune cells and immune related signal pathway in low-risk score group 
was significant higher than that in high-risk score group. In addition, the PRGs risk score was also positive 
correlated with TMB in LUAD tissues.
Conclusions: In this study, a novel prognostic model based on PRGs was constructed and used to predict 
the survival outcome of LUAD patients. In addition, the PRGs risk signature was also associated with TMB 
and anti-tumor immune environment. The induction of pyroptosis inside tumors might be considered a 
potential strategy in cancer treatments. 
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Introduction

Lung cancer is the second most common cancer, and the 
most common deadly disease worldwide, with an estimated 
2,220,000 new diagnoses, resulting in 1,800,000 deaths each 
year worldwide (1). Among the lung cancer patients, lung 
adenocarcinoma (LUAD) is the most common histologic 
subtype, accounting for approximately 40% of all patients. 
Most of LUAD patients die of metastatic, despite surgery, 
chemotherapy, targeted therapy and immunotherapy being 
used in cases treatment (2). So far, the clinical prognosis of 
LUAD mainly depends on tumor staging system (TNM). 
However, the TNM stage system is not sufficient to 
accurately predict the clinical prognosis of LUAD, especially 
to evaluate the effect of chemotherapy and immunotherapy. 
Therefore, it is imperative to establish a novel prognostic 
signature based on biomarkers for prognostic predicting 
and effect evaluation of cancer therapy.

Pyroptosis, also known as cellular inflammatory 
necrosis, is a newly found form of programmed cell 
death. Pyroptosis induced by various pathological stimuli, 
mainly mediated by the gasdermin family, accompanied 
by inflammatory response as well as immune response (3). 
Pyroptosis was initially found to be a key mechanism for 
combating infection, while recently a growing number 
of studies suggest that it also plays an important role in 
cancer initiation and progression (4-6). However, the 
exactly function of pyroptosis in malignant tumor is remain 
controversial.

Tumor microenvironments (TMEs) are composed 
of cellular components, extracellular matrix (ECM) and 
interstitial fluid. The long-term chronic inflammation 
in TMEs contributes to the progression and immunity 
activity of tumors. Hence, chronic inflammation induced 
by pyroptosis may facilitate tumor development, promoting 
the generation and maintenance of TMEs. In contrast, 
acute activation of pyroptosis results in the infiltration of 
immune cells, which could inhibit tumor development 
and progression (4). Gasdermin D (GSDMD) is the major 
executor of pyroptosis, which can be cleaved by caspases 
and leading cellular membrane pores. A recently study 
conducted by Gao reported that higher GSDMD expression 
is related to poor survival statue, as well as larger tumor 
size (7). Oppositely, Wang et al. reveal that low expression 
of GSDMD contributed to the occurrence and progression 
of cancer cell in gastric tumor (8). More importantly, 
growing evidence indicated that various tumor treatments 
such as chemotherapy, immunotherapy and other drugs 

could induce tumor pyroptosis, thereby inhibiting the 
malignant progression of tumors (5). Therefore, the trigger 
of pyroptosis might be considered a novel and effective 
strategy for cancer therapy.

In the current study, we aim to explore the correlation 
of PRGs with clinical prognostic and tumor immune 
microenvironment in LUAD. Thus, our study provides a 
novel understanding of the role of pyroptosis in LUAD, 
suggesting that pyroptosis might be considered as a potential 
strategy for clinical prognostic 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-22-327/rc).

Methods

Data acquisition and processing

Transcriptome profiling data (FPKM) of LUAD patients 
were obtained from the TCGA data portal on 18 Sep 2021 
(https://portal.gdc.cancer.gov/repository). A total of 497 
lung cancer tissues and 54 normal lung tissues were included 
in the present study. The corresponding clinical information 
of LUAD patients was also obtained from the TCGA data 
portal, and the patients without survival data were removed 
from further analysis. To identify the different expression 
level of PRGs between cancer tissues and adjacent normal 
tissues, the “limma” package was employed with a P value 
<0.05 considered statistically significant. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Identification of the Prognostic Gene Signature based on 
PRGs

A total of 39 PRGs were extracted from previous research 
(9-11), which is shown in Table S1. To further establish 
the clinical prognostic model based on PRGs, the 
“survival” package of R language software was employed. 
The univariate Cox proportional hazards regression 
analysis was initially used to screen the PRGs, which were 
significantly correlated to the survival status of LUAD 
sample. Furthermore, LASSO Cox regression analysis was 
subsequently conducted to establish the risk model using 
the “glmnet” package of R language. Ultimately, the 5 
genes and their coefficients were retained. The risk scores 
of each LUAD patient were calculated using the following 
equations: risk score= 6

i
Xi Yi∗∑  [X: coefficients (retained by 

https://tcr.amegroups.com/article/view/10.21037/tcr-22-327/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-327/rc
https://portal.gdc.cancer.gov/repository
https://cdn.amegroups.cn/static/public/TCR-22-327-supplementary.pdf
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LASSO Cox regression analysis), Y: gene expression level]. 
According the median value of the risk score calculated by 
above formula, all the samples were classified into high- and 
low-risk score groups in TCGA cohort. Moreover, ROC 
curve was used to access the sensitivity and specificity of 
the risk score model performance using the R “survival” 
package. In addition, the correlation of risk score and 
overall survival was also investigated by the univariate and 
multivariate Cox proportional hazard regression analysis 
using the “survival” package of the R language. The risk 
factors of Cox proportional hazard regression analysis 
included the risk score, age, gender, and tumor clinical stage. 

Functional enrichment analysis of the DEGs between the 
low- and high-risk groups

The entire LUAD samples were classified into high- and 
low- risk group, according to the median value of risk 
score in TCGA LUAD cohort. First, the differentially 
expressed genes (DEGs) between low- and high-risk 
score group were screened by “limma” package of R 
language with a criteria of (|log2FC| ≥0.585 and FDR 
<0.05). Second, Kyoto Encyclopedia of Gene and Genome 
(KEGG) and gene ontology (GO) analysis was subsequent 
conducted by “clusterProfiler” package of R language 
software. Ultimately, gene set enrichment analysis (GSEA) 
was performed to clarity the signal pathway, which were 
significantly changed between high- and low-risk score 
groups.

Tumor mutational burden and tumor immune 
microenvironment analysis

The mutation data of LUCA patients were downloaded 
form the TCGA data portal and analysed by “maftools” 
package of R language software. The correlation of TMB 
and risk score was estimated by Spearman correlation 
test using “ggplot” package of R language software. 
Furthermore, The ESTIMATE score, immune score, 
stromal score and tumor purity of each LUCA samples 
were calculated using R package “estimate”. Besides, 
CIBERSORT was also performed to evaluate relative 
infiltrated proportion of immune cells by the ‘CIBERSORT’ 
R package. In addition, the enrichment score of 16 immune 
cells and 13 immune-related pathways were also calculated 
using the single-sample gene set enrichment analysis 
(ssGSEA) method in the Gene Set Variation Analysis 
(GSVA) package of R language software. 

Statistical analysis

All the analyses were conducted using the R language 
software (R version 4.1.0 for Mac). Moreover, Wilcoxon test 
was conducted for two groups comparison, while Kruskal-
Wallis test was conducted for more than two groups. The 
risk factors affecting the overall survival of LUCA patients 
were evaluated by the univariate and multivariate Cox 
proportional hazard regression analysis using the “survival” 
package of the R language. The area under the ROC 
curve (AUC) was used to test the capability of prognostic 
accuracy. In all analyses, P<0.05 were considered statistically 
significant. 

Results

Identification of DEGs between normal and tumor lung 
tissues

First, the different expression level of 39 PRGs between 54 
normal and 497 tumor tissues in TCGA LUAD samples 
was compared. As illustrated in Figure 1, it was showed that 
33 PRGs were significantly differentially expressed with P 
value <0.05 between normal and tumor tissues (Figure 1A).  
Among the 33 PRGs, the expression level of NLRC4, 
CASP5, IL6, IL1B, ELANE, NLRP3, CASP1, TNF, 
NLRP1, IRF1, IL18, NOD1, PYCARD, GZMB, HMGB1, 
and IRF2 were down-regulated, while the expression of 
GSDMD, GPX4, CASP4, PLCG1, TIRAP, BAX, CASP8, 
CASP3, BAK1, GSDME, CASP6, PJVK, GSDMA, 
GSDMB, NLRP7, AIM2 and GSDMC were up-regulated 
in tumor samples. The expression pattern of the PRGs was 
presented in Figure 1B.

Establishment of prognostic gene model based on PRGs

To investigate the association between pyroptosis and 
clinical prognostic in LUAD sample, univariate Cox 
regression analyses were initially performed to filter the 
PRGs significantly related to overall survival outcomes. As 
a result, the expression level of NLRC4, NLRP1, NLRP3, 
NOD1, PLCG1, and BAK1 were found to have significant 
association with overall survival for LUAD patients. 
Interesting, all the 6 PRGs, except BAK1 (hazard ratio 
>1), were considered as protecting factors (hazard ratio 
<1) (Figure 2A). Furthermore, LASSO Cox regression 
analysis with minimized lambda was subsequently 
conducted to establish the risk score model. The risk 
scores of each LUAD patient were calculated using the 
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Figure 1 Different expression level of PRGs between normal and lung tumor tissues. (A) Different expression level of PRGs between 
normal tissues (n=54) and LUAD tissues (n=497). P values were notated as follow: *, if P<0.05, **, if P<0.01, and ***, if P<0.001. (B) Heatmap 
of different expression pattern of PRGs in normal and LUAD tissues. PRGs, pyroptosis related gene; LUAD, lung adenocarcinoma.

Figure 2 Construct of risk model based on PRGs in TCGA LUAD cohort. (A) Forest plots for the results of the univariate Cox regression 
analysis between overall survival and PRGs expression in LUAD patients. (B) LASSO regression of the 5 overall survival related PRGs. (C) 
ROC curves tested the specificity and sensitivity of the risk score model for 1, 3, and 5 years. (D) The survival curves for LUAD patients 
in high- and low-risk score group. PRGs, pyroptosis related gene; LUAD, lung adenocarcinoma; LASSO, least absolute shrinkage and 
selection operator; ROC, receiver operating characteristic; AUC, area under the curve; TCGA, The Cancer Genome Atlas;.
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follow formula: risk score=(NLRC4*-0.2827)+(NLRP1*-
0.1227)+(NOD1*-0.1570)+ (PLCG1* -0.1030)+ (BAK1* 
0.2021) (Figure 2B, Table 1). According the median value of 
risk score calculated by the above formula, all the patients 
were classified into low- and high-risk score group. The 

AUCs of PRGs risk score for 1, 3 and 5 years were 0.678, 
0.610 and 0.634 respectively (Figure 2C). Moreover, Kaplan-
Meier analysis indicted that the LUAD patients in low-
risk group exhibited a better survival outcome compared 
the patients in high-risk group (Figure 2D, P<0.001). In 
addition, as shown in Figure 3A-3C, the high-risk group 
exhibited a higher death rate compared with low-risk group. 
Consisted with the above result, the principal component 
analysis (PCA) showed that patients with different risk score 
were well separated into two clusters (Figure 3D).

Correlations of risk score and LUAD samples’ clinical features

To further explore the role of PRGs risk score on the 
prognosis of LUAD patients, univariate Cox regression 
and multivariable Cox regression analysis was employed to 

Table 1 Coefficients in the LASSO Cox regression model

I Gene Coef

1 NLRC4 −0.2827

2 NLRP1 −0.1227

3 NOD1 −0.1570

4 PLCG1 −0.1030

5 BAK1 0.2021

LASSO, least absolute shrinkage and selection operator.
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Figure 3 Correlation of risk score and survival status in LUAD patients. (A) Distribution of risk score for each LUAD patients with 
different risk score. (B) Distribution of survival status for each LUAD sample with different risk score. (C) Heatmap for the expression 
pattern of 5 PRGs and clinical features between high- and low-risk score group. (D) PCA plot for each LUAD samples with different risk 
score. (E) Univariate Cox regression analysis for the overall survival of LUAD patients. (F) Multivariate Cox regression analysis for the 
overall survival of LUAD patients. LUAD, lung adenocarcinoma; PRGs, pyroptosis related gene; PCA, principal component analysis. 
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Figure 4 Boxplots for the correlation between PRGs risk score and clinical features in LUAD patients. (A) Patients’ age at diagnosis. (B) 
Patients’ gender. (C) Tumor clinical stage. (D) Tumor T stage. (E) Tumor N stage. (F) Tumor M stage. PRGs, pyroptosis related gene; 
LUAD, lung adenocarcinoma.

identify the risk factors that affecting the patients’ overall 
survival. As shown in Figure 3E, univariate Cox regression 
analysis results indicated that clinical stage and risk score 
were potential factors affecting the patients’ prognosis. 
More important, after adjusting for age, gender, and clinical 
stage, the risk score was also considered as an independent 
risk factor affecting the overall survival of LUAD patients 
(HR =2.949, 95% CI: 1.762–4.937), which was shown in 
Figure 3F. Moreover, the PRGs risk score was also positive 
correlated with clinical stage, T and N stage of LUAD 
patients, while risk score was not significant related to 
patients’ Age, Gender and M stage (Figure 4).

Functional analyses of DEGs between high- and low- risk 
score groups

To further explore the differences in the gene functions and 
pathways between low- and high-risk score group, GO, 
KEGG, and GSEA were employed. With the screen criteria 
of (|log2FC| ≥0.585 and FDR <0.05), the DEGs between 
high- and low-risk score group were mainly enriched in 

“neutrophil activation”, “neutrophil mediated immunity”, 
“neutrophil degranulation”, “neutrophil activation involved 
in immune response” and “mitochondrial inner membrane”, 
etc. in GO analysis (P<0.05, Figure 5A). In addition, 
KEGG pathway analyses indicated that the DEGs were 
highly enriched in “Phagosome”, “Staphylococcus aureus 
infection”, “Hematopoietic cell lineage”, “Cell adhesion 
molecules”, “Tuberculosis”, etc. (P<0.05, Figure 5B). Moreover, 
with the GSEA results for the DEGs enrichment, the gene 
sets of the high-risk score group were enriched in “Alzheimers 
disease”, “Huntingtons disease”, “Oxidative phosphorylation”, 
“Parkinsons disease” and “Ribosome” (Figure 5C), while 
the gene sets of the low-risk group were enriched in 
“Allograftrejection”, “Asthma”, “Cytokine cytokine receptor 
interaction”, “Intestinal immune network for IgA production”, 
“Systemic lupus erythematosus” (Figure 5D).

Correlations of risk score and TMB

A s  a  w e l l - k n o w n  e v a l u a t i o n  m a r k e r  o f  t u m o r 
immunotherapy efficacy, we also estimate the correlation 
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Figure 5 Functional analysis in low- and high-risk score group. (A) The top 5 enrichment in biology process, cellular components and 
molecular functions for DEGs between high- and low-risk score group. (B) The top 5 enriched KEGG pathways for DEGs between high- 
and low-risk score group. (C) Gene sets enriched pathways of GSEA in high-risk score group. (D) Gene sets enriched pathways of GSEA in 
low-risk score group. DEGs, differentially expressed genes; KEGG, Kyoto Encyclopedia of Gene and Genome; GSEA, gene set enrichment 
analysis; BP, biological progress; CC, cellular component; MF, molecular function. 

between the PRGs risk score and TMB in LUAD patients. 
The gene mutation for LUAD patients between high- and 
low-risk score group was shown in Figure 6A,6B, with the 
top 20 most frequently mutated genes being followed: TP53, 
TTN, MUC16, RYR2, CSMD3, LRP1B, ZFHX4, USH2A, 
KRAS, XIRP2, FLG, SPTA1, NAV3, ZNF536, COL11A1, 
FAT3, PCDH15, CSMD1, ANK2, and KEAP1. Moreover, 
as illustrated in Figure 6C, TMB was found to be significant 
higher in high-risk score group than low-risk score group 
(P=0.0015), In addition, the risk scores were also positive 
correlated with TMB in LUAD tissues (Figure 6D,  
r=0.19, P<0.01).

Correlations of risk signature with TME and immune 
activity LUAD

As pyroptosis is often accompanied by inflammatory release 
and immune response, the correlation between the PRGs 
risk score and TME in LUAD patients was also identified. 
As illustrated in Figure 7, our results revealed that low-
risk score group displayed a higher ESTIMATE score, 
Immune score, and Stroma score compared with high-risk 
score group (Figure 7A-7C, all P<0.01), while the patients 
with high-risk score exhibited a higher Tumor purity 
compared with low-risk score group (Figure 7D, P<0.01). 
Furthermore, the correlation of PRGs risk score and 
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tumor immune microenvironment was also investigated by 
ssGSEA. As illustrated in Figure 8, except NK cells and Th2 
cells, the other enrichment scores of 16 types of immune 
cells in low-risk score was significant higher than that in 
high-risk score group. Meanwhile, with the enrichment 
scores of immune function analysis, except MHC class I, 
the other enrichment scores in low-risk score group was 
significant higher than that in high-risk score group.

In addition, the relative infiltration of 22 types of 
immune cell between high- and low-risk score group was 
also explored by CIBERSORT. As illustrated in Figure 9, 
The infiltrated level of T CD4 memory resting, Monocytes, 
and Dendritic resting cells in low-risk score group was 
significant higher than that in high-risk score group. 
Meanwhile, high infiltration levels of T CD4 memory 
resting, Monocytes and Dendritic resting cells were 
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high-risk score group in LUAD patients. LUAD, lung adenocarcinoma.

significantly correlated with better OS outcomes in LUAD 
patients.

Discussion

Pyroptosis is a novel type of PCD that plays a critical role 
in both septic shock and immune defenses, discovered 
after apoptosis and necrosis. Pyroptosis is characterized 
by cellular swelling, pore formation in membrane, cell 
lysis and release of pro-inflammatory mediators, including 
IL-1β, IL-18, and HMGB14, which induce inflammatory 
responses (12). At present, pyroptosis is reported to 
participate in the occurrence and development of various 
diseases, especially its dual role in promoting and 
inhibiting tumor formation and TME (6). It was found 
that the expression of GSDMB, an executor of pyroptosis, 
was down-regulated in normal tissue as compared to 
BLCA tissue, while overexpressed GSDMB facilitated 
tumor progression. It can be explained by the fact that 
multiple signaling pathways and inflammatory mediators 
are released during pyroptosis, which contributing to 

tumor growth and progression (13). In contrast, a recent 
study conducted by Wang WJ revealed that GSDMD may 
work as a treatment for gastric cancer by inhibiting cell 
proliferation, and it also may be used as a diagnostic tool. It 
can be explained that pyroptosis suppress tumor incidence 
and progression, which could become a potential treatment 
for drug-resistant cancers in the future (14). However, 
the specific role of pyroptosis on the development and 
progression in LUAD is remained unclear. 

In the current study, the different expression level 
of PRGs between adjacent normal and tumor tissues 
was identified. The results indicated that most of PRGs 
expression levels were significant different between LUAD 
and adjacent normal tissues in the TCGA LUAD cohort, 
thus indicated the process of the process of pyroptosis 
may involve in the oncogenesis, but the explicit molecular 
mechanism remained need to further study.

Since pyroptosis may play an opposite role on promoting 
and inhibiting cancer progress in different type of cancer, 
we further identify the exactly role on the clinical prognosis 
of LUAD patients. As a result, we identified six PRGs 



Wu et al. A novel PRGs signature in LUAD2656

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2022;11(8):2647-2659 | https://dx.doi.org/10.21037/tcr-22-327

1.00

0.75

0.50

0.25

0.00

1.0

0.8

0.6

0.4

aD
Cs

APC co
 in

hib
itio

n

APC co
 st

im
ula

tio
n

HLA

T 
ce

ll c
o-

inh
ibitio

n

Che
ck

-p
oin

t

M
HC cl

as
s I

Ty
pe I

 IF
N re

sp
on

se
CCR

Inf
lam

m
at

ion
-p

ro
m

ot
ing

T 
ce

ll c
o-

sti
m

ula
tio

n

Cyto
lyt

ic 
ac

tiv
ity

Par
ain

fla
m

m
at

ion

Ty
pe I

I IF
N re

sp
on

se

B ce
lls

CD8+
 T

 ce
lls

DCs
iD

Cs

M
ac

ro
pha

ge
s

M
as

t c
ell

s

Neu
tro

phil
s

NK ce
lls
pDCs

T 
he

lper
 ce

lls Tf
h

Th
1 c

ell
s

Th
2 c

ell
s

TIL Tre
g

*** *** ***** *** *** *** *** *** *** *** *** *** ***nsns

S
co

re

S
co

re

Risk Low High

Risk Low High

*** *** *** *** *** *** *** ****** ** ns**

TumorPurity
ESTIMATEScore
lmmuneScore
StromalScore
Risk

TumorPurity

TumorPurity

ESTIMATEScore

ESTIMATEScore

lmmuneScore

lmmuneScore

TumorPurity
ESTIMATEScore
lmmuneScore
StromalScore
Risk

Mast cells
DCs 
iDCs 
NK cells 
Macrophages 
APC co stimulation
Treg 
pDCs
TlL 
Neutrophils
T helper cells
B cells 
Tfh 
Th2 cells 
CD8+ T cells
Th1 cells

4

2

0

−2

−4

4

2

0

−2

−4

0.9

0.3

0.9

0.3

4000

−2000

4000

−2000

3000

3000

Type ll IFN Reponse
Type l lFN Reponse
HLA 
APC co stimulation
APC co inhibition
CCR 
Parainflammation
MHC class l
Cytolytic activity 
Inflammation-promoting
T cell co-stimulation
Check-point 
T cell co-inhibition

BA

C

D

Figure 8 Correlation analysis of risk score and ssGSEA enrichment in LUAD patients. (A) Comparison for the ssGSEA scores of immune 
cells between high- and low- risk score group in TCGA LUAD patients. (B) Comparison of the ssGSEA scores of immune-related pathways 
between high- and low-risk score group TCGA LUAD patients. (C) The heatmap for the ESTIMATE score, Immune score, Stromal score, 
tumor purity and ssGSEA scores of immune cells between low- and high-risk score group in TCGA LUAD patients. (D) The heatmap 
for the ESTIMATE score, Immune score, Stromal score, tumor purity and ssGSEA scores of immune-related pathways between low- and 
high-risk score group in TCGA LUAD patients. *, P<0.05, **, P<0.01, and ***, P<0.001. TCGA, The Cancer Genome Atlas; LUAD, lung 
adenocarcinoma. 

that related to the LUAD patients clinical prognosis 
outcome. Interesting, except BAK1, the other PRGs 
including NLRC4, NLRP1, NLRP3, NOD1 and PLCG1 
were considered as protective factors. The NLRC4, NLRP1 
and NLRP3 belong to Nod-like receptor (NLR) family, 
consisted of inflammasome complex to recruit caspase-1 

and promote its proximity-induced activation to induce 
pyroptosis (15). Among the above inflammasomes, NLRP3 
is the mostly characterized inflammasome, activated 
by bacterial toxins and secretion system components, 
pathogenic crystals, and altered cellular components (6).  
It was reported that the NLRP3 inflammasome also 
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participated in the innate immune response to some types 
of tumors (16). Consistent with our research, a recent 
study conducted by Wei et al. found that the expression of 
NLRP3 in HCC tissues was significantly down regulated or 
even completely absent, and its expression was negatively 
correlated with the pathological grade and clinical stage 
of HCC, indicating that the NLRP3 inflammasome was 
involved in the progression of HCC (17). Moreover, 

Nadatani et al. reported that the expression of NLRP3 in 
Barrett’s esophageal cancer cells treated with LPS was 
increased, and pyroptosis were also increased. These results 
indicated that the NLRP3 inflammasome activation of 
caspase-1 induces the secretion of pro inflammatory factors 
and pyroptosis (18). It was reported that blocking NLRP3 
activation using MCC950, a molecular inhibitor of NLRP3, 
suppressed tumor growth in head and neck squamous cell 
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carcinoma, accompanied by decreased immunosuppressive 
cell accumulation and increased the number of effector T 
cells. Thus, inhibition of the TME through the NLRP3 
inflammasome might provide a novel approach for tumor 
therapy (19). However, to knowledge, there was no related 
study has been reported on the effect of MCC950 in the 
treatment of LUAD, and further research is needed.

In contrast to NLRP3, NLRP1 has not been precisely 
analyzed. Most studies have proven that NLRP1 prevent 
the interaction of apoptotic caspases with other activating 
proteins, thus negatively regulating apoptosis and 
promoting tumor progression (20). Oppositely, a study 
conducted by Chen et al. proved that lower expression 
level of NLRP1 were correlated with higher clinical stage 
and shorter patient survival period (21), which consist with 
our study. In macrophages, NLRC4 inflammasomes could 
be activated by inflammatory infections and endogenous 
stimuli, thus inducing pyroptosis (22). The effects of 
the NLRC4 inflammasome on tumor occurrence and 
progression are still controvertible. It was reported that 
NLRC4 could stimulates the activation of macrophages and 
enhance the production of IFN-γ in T cells, suggesting 
that NLRC4 might lead to the increase tumor immune 
microenvironments, thus playing an crucial role in tumor 
inhibition (23). 

TMEs have been suggested to play an important role 
in tumor progression. Growing studies revealed that the 
immune reaction and inflammatory cytokines released 
during pyroptosis, including IL-1β, IL-18, ATP, and 
HMGB1, could be exert an important influence on the 
TME (15,24). It was reported that IL-1β signaling could 
induce DC maturation and monocyte differentiation into 
DCs and inflammatory macrophages. IL-18 exerts an 
important effect on natural killer (NK) cell recruitment and 
activation, as well as Th-1 polarization. Zhang et al. (25)  
also found that tumors with high expression of the wild 
type GSDME display increased levels of immune cell 
infiltration, including CD8+ T cells and natural killer (NK) 
cells. Consist with the previous study (24), our results also 
indicated pyroptosis induction in LUAD tissues increased 
the infiltration of immune cells and activity of immune 
related signal pathway, thus repressing tumor progression 
and development.

However, there are several limitations in our study. It 
is important to note that all data in the current study were 
obtained from online public databases and did not involve 
any experiments. In addition, the performance of the PRGs 
model was not verified in another independent cohort.

In conclusion, our study revealed that pyroptosis 
was closely related to the clinical prognosis of LUAD 
patients. Moreover, a novel prognostic model based on 
5 PRGs was constructed for survival predicting. Besides, 
the PRGs risk score was closed related to anti-tumor 
immune environment. The induction of pyroptosis inside 
tumors might be considered a potential strategy in cancer 
treatments. However, the beneficial and detrimental effects 
of pyroptosis need to be further investigated in clinical 
settings.

Acknowledgments

We are grateful to the TCGA for providing all the data.
Funding: None.

Footnote

Reporting Checklist: The authors have completed the 
TRIPOD reporting checklist. Available at https://tcr.
amegroups.com/article/view/10.21037/tcr-22-327/rc

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://tcr.amegroups.
com/article/view/10.21037/tcr-22-327/coif). The authors 
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Bade BC, Dela Cruz CS. Lung Cancer 2020: 
Epidemiology, Etiology, and Prevention. Clin Chest Med 

https://tcr.amegroups.com/article/view/10.21037/tcr-22-327/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-327/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-327/coif
https://tcr.amegroups.com/article/view/10.21037/tcr-22-327/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Translational Cancer Research, Vol 11, No 8 August 2022 2659

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2022;11(8):2647-2659 | https://dx.doi.org/10.21037/tcr-22-327

2020;41:1-24.
2. Denisenko TV, Budkevich IN, Zhivotovsky B. Cell death-

based treatment of lung adenocarcinoma. Cell Death Dis 
2018;9:117.

3. Frank D, Vince JE. Pyroptosis versus necroptosis: 
similarities, differences, and crosstalk. Cell Death Differ 
2019;26:99-114.

4. Xia X, Wang X, Cheng Z, et al. The role of pyroptosis 
in cancer: pro-cancer or pro-"host"? Cell Death Dis 
2019;10:650.

5. Yue E, Tuguzbaeva G, Chen X, et al. Anthocyanin is 
involved in the activation of pyroptosis in oral squamous 
cell carcinoma. Phytomedicine 2019;56:286-94.

6. Ruan J, Wang S, Wang J. Mechanism and regulation 
of pyroptosis-mediated in cancer cell death. Chem Biol 
Interact 2020;323:109052.

7. Gao J, Qiu X, Xi G, et al. Downregulation of GSDMD 
attenuates tumor proliferation via the intrinsic 
mitochondrial apoptotic pathway and inhibition of EGFR/
Akt signaling and predicts a good prognosis in nonsmall 
cell lung cancer. Oncol Rep 2018;40:1971-84.

8. Wang Y, Yin B, Li D, et al. GSDME mediates caspase-3-
dependent pyroptosis in gastric cancer. Biochem Biophys 
Res Commun 2018;495:1418-25.

9. Ye Y, Dai Q, Qi H. A novel defined pyroptosis-related 
gene signature for predicting the prognosis of ovarian 
cancer. Cell Death Discov 2021;7:71.

10. Li XY, Zhang LY, Li XY, et al. A Pyroptosis-Related Gene 
Signature for Predicting Survival in Glioblastoma. Front 
Oncol 2021;11:697198.

11. Shao W, Yang Z, Fu Y, et al. The Pyroptosis-Related 
Signature Predicts Prognosis and Indicates Immune 
Microenvironment Infiltration in Gastric Cancer. Front 
Cell Dev Biol 2021;9:676485.

12. Zheng Z, Li G. Mechanisms and Therapeutic Regulation 
of Pyroptosis in Inflammatory Diseases and Cancer. Int J 
Mol Sci 2020;21.

13. Kesavardhana S, Malireddi RKS, Kanneganti TD. 
Caspases in Cell Death, Inflammation, and Pyroptosis. 
Annu Rev Immunol 2020;38:567-95.

14. Zhang CC, Li CG, Wang YF, et al. Chemotherapeutic 

paclitaxel and cisplatin differentially induce pyroptosis in 
A549 lung cancer cells via caspase-3/GSDME activation. 
Apoptosis 2019;24:312-25.

15. Xue Y, Enosi Tuipulotu D, Tan WH, et al. Emerging 
Activators and Regulators of Inflammasomes and 
Pyroptosis. Trends Immunol 2019;40:1035-52.

16. Ciążyńska M, Bednarski IA, Wodz K, et al. NLRP1 
and NLRP3 inflammasomes as a new approach to skin 
carcinogenesis. Oncol Lett 2020;19:1649-56.

17. Wei Q, Mu K, Li T, et al. Deregulation of the NLRP3 
inflammasome in hepatic parenchymal cells during liver 
cancer progression. Lab Invest 2014;94:52-62.

18. Nadatani Y, Huo X, Zhang X, et al. NOD-Like Receptor 
Protein 3 Inflammasome Priming and Activation in 
Barrett's Epithelial Cells. Cell Mol Gastroenterol Hepatol 
2016;2:439-53.

19. Chen L, Huang CF, Li YC, et al. Blockage of the NLRP3 
inflammasome by MCC950 improves anti-tumor immune 
responses in head and neck squamous cell carcinoma. Cell 
Mol Life Sci 2018;75:2045-58.

20. Zhai Z, Liu W, Kaur M, et al. NLRP1 promotes tumor 
growth by enhancing inflammasome activation and 
suppressing apoptosis in metastatic melanoma. Oncogene 
2017;36:3820-30.

21. Chen C, Wang B, Sun J, et al. DAC can restore expression 
of NALP1 to suppress tumor growth in colon cancer. Cell 
Death Dis 2015;6:e1602.

22. Freeman L, Guo H, David CN, et al. NLR members 
NLRC4 and NLRP3 mediate sterile inflammasome 
activation in microglia and astrocytes. J Exp Med 
2017;214:1351-70.

23. Kay C, Wang R, Kirkby M, et al. Molecular mechanisms 
activating the NAIP-NLRC4 inflammasome: Implications 
in infectious disease, autoinflammation, and cancer. 
Immunol Rev 2020;297:67-82.

24. Du T, Gao J, Li P, et al. Pyroptosis, metabolism, and 
tumor immune microenvironment. Clin Transl Med 
2021;11:e492.

25. Zhang Z, Zhang Y, Xia S, et al. Gasdermin E suppresses 
tumour growth by activating anti-tumour immunity. 
Nature 2020;579:415-20.

Cite this article as: Wu C, Zhao J, Wang X, Wang Y, 
Zhang W, Zhu G. A novel pyroptosis related genes signature 
for predicting prognosis and estimating tumor immune 
microenvironment in lung adenocarcinoma. Transl Cancer Res 
2022;11(8):2647-2659. doi: 10.21037/tcr-22-327



© Translational Cancer Research. All rights reserved. https://dx.doi.org/10.21037/tcr-22-327

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 containing 1

PJVK pejvakin/deafness, autosomal recessive 59

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
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