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Abstract: Pyroptosis, a newly-defined mode of cell death related to inflammation, is closely related to cancers but 
has not yet been studied in laryngeal carcinoma (LC). We investigated pyroptosis in LC and constructed a prognostic 
model. Using RNA sequencing data, we identified differentially expressed genes (DEGs) in LC and normal tissues to 
construct a prognostic risk model. The model’s accuracy and independent prognostic value were evaluated using 
survival- and receiver operating characteristic (ROC)- curves; and univariate and multivariate Cox regression analy-
ses, respectively. Gene Expression Omnibus (GEO) data was utilized as a model validation set. Differential analysis 
revealed 37 DEGs, and consistent clustering showed that pyroptosis-related genes could predict LC prognosis. Six 
genes (CHMP7, GSDME, GZMB, CASP9, IL6, and NLRP1) were obtained by Lasso Cox regression analysis to con-
struct a prognostic model. The high-risk group had a poor prognosis with areas under the ROC curve at 1-, 3-, and 
5-years of 0.619, 0.692, and 0.656, respectively. Univariate and multivariate Cox analyses showed that the risk 
score was an independent prognostic factor. Enrichment analysis of GO and KEGG pathways revealed that differen-
tially expressed genes may be related to infection, T cell differentiation, immunity, and inflammation. It was further 
found that the low survival rate of the high-risk group may be related to the significant reduction of immune cell 
infiltration and immune function. With the bioinformatic method, six genes related to pyroptosis affecting LC progno-
sis were screened and a prognostic risk model was constructed, which laid a foundation for pyroptosis study in LC.
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Introduction

Laryngeal carcinoma (LC) has remained one of 
the most common malignant tumors of the 
respiratory tract in the last 40 years, with the 
five-year survival rate dropping from 66% to 
63% [1], although the incidence of LC has been 
declining slowly [2]. Since the symptoms of 
early stage LC are similar to those of chronic 
laryngitis, such as chronic pain in the throat, 
hoarseness, sore tongue, and non-healing 
ulcers [3], most patients are diagnosed in the 
middle and advanced stages, resulting in limit-
ed treatment options. A plausible effective ave-
nue to decrease the incidence of LC seems to 
be early diagnosis and prompt treatment. 
Although many approaches, including fiberoptic 
endoscopy, computed tomography (CT), mag-
netic resonance imaging (MRI), positron emis-
sion tomography (PET) scan, p16 immunohisto-

chemistry (IHC), and tumor programmed death-
ligand 1 (PD-L1), have been extensively applied 
in the diagnosis [1, 3], their clinical benefits are 
still limited by the high cost of the tests and 
uncertainty with indicators for the early stage of 
LC. Currently, radical resection, radiotherapy, 
and chemotherapy are the mainstay curative 
treatments for LC. Although there is a certain 
probability of cure, such multi-mode treatment 
often leads to further deterioration of swallow-
ing, breathing, and voice function, which seri-
ously reduces the quality of life. Therefore, 
seeking accurate and reliable diagnosis and 
treatment strategies for patients with LC is a 
major challenge.

Cell death is a protective mechanism that helps 
the body eliminate endogenous and exogenous 
injury, thus maintaining normal tissue function 
and morphology. The modalities of cell death 
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are diverse, including but not limited to apopto-
sis, necroptosis, pyroptosis and ferroptosis, 
which play a vital role in tissue regeneration, 
infection, immunity, and tumorigenesis. As the 
most classic programmed cell death (PCD) pro-
cess, apoptosis is an active mechanism in 
response to stress-inducing or regulatory sig-
nals induced by cysteine protease. Similarly, 
pyroptosis is also a caspase-dependent PCD 
mode that has been discovered in recent 
decades and is mainly driven by pore formation 
proteins of the Gasdermin (GSDM) family [4]. 
Members of the GSDM family have C-terminal 
and N-terminal domains, and GSDM can be 
cleaved to release the GSDM-N domains, 
resulting in a large number of pores on the cell 
membrane and osmotic swelling of the cell [5, 
6]. In the late stage of pyroptosis, swollen cells 
eventually disintegrate, release inflammatory 
contents, rapidly stimulate the inflammatory 
response of the body, and finally cause cell 
swelling and death. Since Cookson et al. first 
named this type of PCD as pyroptosis in 2001 
[7], pyroptosis has been considered as an 
inflammatory cell death mode solely dependent 
on caspase-1 activity. However, in the past few 
decades, an increasing number of studies have 
shown that pyroptosis is closely associated 
with many diseases, such as myocardial infarc-
tion [8], cirrhosis [9], and sepsis [10]. In addi-
tion, the research on pyroptosis in tumors is 
advancing, the expression of pyroptosis-related 
factor has been proven to be highly correlated 
with a variety of cancers [11]. Pyroptosis per se 
and pyroptosis-induced signaling molecules 
and cytokines inhibit the proliferation and 
metastasis of tumor cells. Thus, it may be an 
effective target for tumor therapy and provide 
some use for clinical treatment. Pyroptosis is 
also closely related to immune function. GSDME 
has been reported to inhibit tumor cell growth 
by enhancing anti-tumor adaptive immunity 
[12], and by regulating the tumor immune 
microenvironment [13]. Furthermore, in head 
and neck squamous cell carcinoma (HNSCC), 
reduced expression of the calcium regulatory 
factor CD38 can prevent inflammasome-
induced pyroptosis and may play a tumor sup-
pressive role in the progression [14]. Some 
natural medicines such as triptolide may elimi-
nate HNSCC cells by inducing GSDME-mediated 
pyroptosis [15]. The emergence of pyroptosis-
associated therapy offers the possibility of 
long-term remission of refractory and/or meta-

static carcinoma [16]. However, data on the 
studies on LC-related pyroptosis are limited. 
Therefore, there is an urgent need to explore 
the relationship between pyroptosis and LC, to 
provide more possibilities for early diagnosis 
and treatment.

In this study, to assess the prognostic value of 
pyroptosis in LC, we used gene expression pro-
filing data as well as clinical data from LC and 
normal tissue samples from the Cancer 
Genome Atlas (TCGA) and Gene Expression 
Omnibus (GEO) databases. We determined the 
association between pyroptosis-related genes 
and patients’ clinicopathologic factors. Further- 
more, we constructed and validated a prognos-
tic model of pyroptosis-associated genes and 
performed tumor immune microenvironment 
analysis. In summary, our results indicated that 
pyroptosis might be closely related to LC, and 
this prognostic model could be used to predict 
the prognosis of patients with LC. 

Materials and methods

Data acquisition

Gene expression data from LC (355 samples of 
LC and 31 normal samples, type: HTSeq - 
FPKM) and corresponding clinical information 
(376 cases) were downloaded from the TCGA 
database. Accordingly, another set of data (183 
samples screened from 270 HNSCCs of the 
queue. ID: GSE65858) was downloaded from 
the GEO database.

Identification of differentially expressed pyrop-
tosis-related genes 

Referring to the previous review and the 
GeneCards database [4, 5, 11, 17], 52 genes 
related to pyroptosis were obtained by virtue of 
the following inclusion criteria: 1) Genes 
involved in the molecular mechanism of pyrop-
tosis; 2) Genes associated with pyroptosis act 
as a pivotal part in tumors; 3) The data record-
ed in the experimental study are complete; 4) 
Genes are identified to be associated with 
pyroptosis in the GeneCards database. 
Exclusion criteria: 1) Genes not clearly related 
to pyroptosis; 2) Incomplete or doubtful data. 
Then, the “limma” package of R software was 
used to find the expression level of pyroptosis-
related genes. The “pheatmap” package was 
used to draw heatmaps for the visualization of 
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differentially expressed genes (DEGs). The pro-
tein-protein interaction (PPI) network of DEGs 
was downloaded from STRING online software. 
We also constructed a co-expression network 
using the “reshape2” and “igraph” packages of 
R software. 

Consensus clustering

To explore whether pyroptosis-related genes 
are associated with prognosis, we performed 
consensus clustering using the “Consensus- 
ClusterPlus” package of R software. To assess 
the stability of our classification, 1000 repeti-
tions were analyzed according to the methods 
described previously. 

Construction and validation of a DEG prognos-
tic model

To explore whether DEGs were associated with 
prognosis, we combined the expression levels 
of DEGs with the survival information of LC 
samples. After excluding patients without sur-
vival, 376 cases of LC were included in Cox 
regression analysis. The “glmnet” package of R 
software was utilized to conduct Lasso Cox 
regression analysis for the screening of candi-
dates. Construction of a DEG prognostic model 
was done by assessing the prognostic value of 
differential genes obtained by univariate Cox 
analysis. The penalty parameter (λ) was deter-
mined using the minimum standard and the 
risk score of the DEG prognostic model was 
computed by the formula: Risk score = gene 
expression 1 × Coef1 + gene expression 2 × 
Coef2 +... + gene expression n× Coefn (Coef: 
regression coefficient of gene, n: total number 
of DEGs associated with prognosis). With refer-
ence to the guide of polygenic risk score analy-
ses and a similar study [18, 19], risk scores 
were calculated after centralizing and normal-
izing the TCGA expression data, and patients 
with LC were divided into high-and low-risk 
groups according to the median risk scores. 
“Survival” package and “survminer” packages 
of R software were used to draw Kaplan-Meier 
survival curves. “Rtsne” package and “ggplot2” 
packages were used for the principal compo-
nent analysis (PCA) and t-distributed stochastic 
neighbor embedding (t-SNE) analysis. Time 
receiver operating curve (ROC) analysis was 
conducted using “time ROC” package, and the 
area under curve (AUC) was calculated at 1, 3, 
and 5 years for the evaluation of the model’s 

ability to predict prognosis. Then, GSE65858 
was selected as the external validation set in 
the GEO database, and the risk score of each 
sample in the validation set was calculated 
according to the above risk scoring formula. 
The Kaplan-Meier survival curve was used to 
compare the overall survival (OS) of the two 
groups and to evaluate the prognostic ability of 
the model, to verify its performance.

Independent prognostic analysis of the prog-
nostic model

We extracted clinical data (including age, gen-
der, grade, and T stage, et al.) of LC patients 
from the TCGA and GEO databases. Combined 
with the risk score in the prognostic model, uni-
variate and multivariate Cox regression analy-
ses were used to analyze the risk score of the 
prognostic model, and forest plots were drawn 
to explore the predictive ability of prognostic 
model for clinical features. 

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

According to the risk model, the DEGs of 
patients in the high- and low-risk groups were 
calculated, and gene ontology (GO) analysis 
was performed to obtain the enrichment of 
DEGs related to the biologic processes, molec-
ular functions, and cellular components. Kyoto 
encyclopedia of genes and genomes (KEGG) 
analysis was also performed to identify differ-
ential gene enrichment signaling pathways. GO 
and KEGG analyses were implemented through 
the “clusterProfiler” package of R software. 
Finally, Single-sample gene set enrichment 
analysis (ssGSEA) was performed with the 
“gsva” package to calculate the score of infil-
trating immune cells and assess the activity of 
immune-related pathways.

Statistical analysis

All statistical analyses were accomplished with 
the R software (version 4.1.0). Kaplan-Meier 
analysis was used to perform survival analysis 
and plot the survival curves. Univariate and 
multivariate Cox regression analyses were used 
to determine the prognostic factors and estab-
lish risk scoring formulas. Lasso Cox regression 
analysis was used to construct a prognostic 
risk model. The efficacy of the prognostic model 
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was evaluated using an ROC curve. The classifi-
cation variables were evaluated using Pearson 
correlation analysis. 

Mann-Whitney test was applied to compare 
immune cell infiltration and immune pathway 
activation 

Results

Identification of DEGs between LC and normal 
tissues

After we extracted the expression levels of 
pyroptosis-related genes, 37 DEGs were identi-
fied. Among them, 31 genes (NLRP6, NLRC4, 
CASP5, CHMP4A, NOD1, NLRP7, SCAF11, 
GSDMB, TNF, CASP8, CHMP7, NLRP1, CASP6, 
IRF2, CASP3, PLCG1, CASP1, GSDME, HMGB1, 
IRF1, GZMB, GZMA, GSDMD, IL1B, AIM2, BAX, 
PYCARD, BAK1, CHMP4B, IL1A, TP63) were 
upregulated in the tissue samples, and 6 genes 
(IL6, IL18, CHMP2B, CHMP6, ELANE, CASP9) 
were downregulated, as shown in Figure 1A. In 
addition, PPI analysis was conducted using the 
online STRING website. As shown in Figure 1B, 
CASP1, 1L1B, PYCARD, CASP8, NLRC4, and 
AIM2 are the core genes in the network, which 
are all DEGs in tumor and normal samples. In 
addition, the correlation network analysis con-
taining all DEGs was also conducted, and obvi-
ous positive or negative correlation between 
two of any DEGs was identified in the network 
(Figure 1C).

Consensus clustering based on DEGs

We conducted a consensus clustering analysis 
on 355 LC patients in the TCGA cohort. When K 
= 2, the intra-group correlation was the highest, 
and the clustering result was the best. It was 
suggested that 355 patients with LC could be 
divided into two groups based on 37 DEGs 
(Figure 2A). The gene expression profile and 
clinical findings, such as the phase of tumor 
metastasis (N0-N1, M0-M1, T1-T4), clinical 
stage (stage I-stage IV), the degree of tumor dif-
ferentiation (G1-G4), gender (female or male) 
and age (≤65 or >65 years) were presented in a 
heatmap in terms of the clustering of LC 
patients. To examine the clinical significance in 
the clustering of LC subtypes, these clinical 
findings were compared between two clusters 
using Pearson correlation analysis. A signifi-
cant difference was found in the phase of 

tumor metastasis including T stage (P < 0.05) 
and grade (P < 0.001), and most of the DEGs 
were up-regulated in cluster2, as shown in 
Figure 2B. Finally, a significant difference was 
observed with the manifestation of the superi-
ority of survival status of cluster2 over that of 
cluster1 (P = 0.006. Figure 2C), suggesting that 
pyroptosis-related genes had significant prog-
nostic value.

Construction of the pyroptosis-related genes 
prognostic model

Through univariate Cox regression analysis, 8 
genes were extracted from the 37 DEGs (Figure 
3A). Lasso Cox regression analysis was per-
formed on the above 8 genes with significant 
differences, and cross-validation was used to 
establish the model, to avoid over-fitting of 
pyroptosis-related genes. The results showed 
that the model had the smallest deviation when 
the number of variables was 6 (Figure 3B, 3C). 
Then, the risk score prognostic model was suc-
cessfully constructed, which consisted of the 
expression levels and coefficients of the above 
6 genes. The risk scoring formula was as fol-
lows: risk score = (CHMP7 expression level * 
-0.1703) + (GSDME expression level * 0.1658) 
+ (GZMB expression level * -0.1247) + (CASP9 
expression level * -0.0193) + (IL6 expression 
level * 0.0689) + (NLRP1 expression level * 
-0.2006). The survival status and correspond-
ing gene expression levels of 353 LC patients 
were obtained by collating clinical sample data 
downloaded from the TCGA database. After cal-
culating the risk score according to the formula 
of risk score, patients were divided into high- 
and low-risk groups according to the median 
value (-0.625), including 176 patients in the 
high-risk group and 177 patients in the low-risk 
group (Figure 3D). Survival curve in Kaplan-
Meier analysis evidenced a significant differ-
ence of OS time between the two groups, con-
firming higher survival probability in the low-risk 
group than that of the high-risk group (P < 
0.001. Figure 3F). With an increase in the risk 
score, the mortality rate of patients with LC 
gradually increased (Figure 3E). ROC curve 
analysis showed that the model had a good 
effect in predicting the prognosis and survival 
of patients with LC, and the AUCs at 1, 3, and 5 
years were 0.619, 0.692, and 0.656, respec-
tively (Figure 3G). PCA and t-SNE analyses also 
fully confirmed the classification ability of the 
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Figure 1. Expressions of the 37 pyroptosis-related genes and the interactions among them. A. A heatmap was used to show the expression levels of DEGs between 
normal and tumor tissues (blue: low expression. red: high expression. P values are marked as: *P < 0.01; **P < 0.01; ***P < 0.001). B. PPI network of the rela-
tionship between pyroptosis-related genes (interaction score = 0.9). C. Interrelationships among pyroptosis-related genes (red line: positive correlation; blue line: 
negative correlation).
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Figure 2. Consensus clustering based on DEGs. A. According to the consistent clustering matrix (k = 2), 355 patients with LC could be well divided into two clusters. 
B. Heatmap of the gene expression signatures and clinicopathological features for the two clusters. C. Kaplan-Meier survival curves for the two clusters.
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Figure 3. Construction of the pyroptosis-related gene prognostic model. A. Univariate Cox regression analysis was used to assess DEGs of LC samples from the TCGA 
cohort, and 8 genes were screened out based on P < 0.05. B. Cross validation of the 8 genes for tuning the parameter selection in the Lasso regression. C. Lasso 
coefficients of the 8 genes in LASSO Cox regression for the construction of risk scoring formula. D. Distribution of patients based on the risk score. E. Survival status 
of patients in the high (on the right side of the dotted line) and low (on the left side of the dotted line) risk groups. F. Kaplan-Meier survival curves. G. ROC curve 
analysis. H. PCA plot based on the risk score. I. t-SNE plot based on the risk score.
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model for high and low risk groups (Figure 3H, 
3I).

External validation of the prognostic model

We next selected the cohort of 183 LC patients 
from the GEO database (ID: GSE65858) to ver-
ify the model. The calculation method of the 
prognostic risk score and the grouping method 
of patients with high and low risk remained 
unchanged. These patients were clustered into 
two groups, with 176 in the low-risk group and 
7 in the high-risk group (Figure 4A). The Kaplan-
Meier survival curve showed that the OS of 
patients in the high-risk group was significantly 
shortened (P = 0.047. Figure 4B), suggesting 
that the model had the same prognostic risk 
assessment ability for patients with LC in an 
external independent cohort. The analysis by 
ROC curve showed an AUC of 0.638 for 1 year, 
0.600 for 3 years, and 0.566 for 5 years 
respectively (Figure 4C). As the risk score 
increased, the survival time gradually de- 
creased (Figure 4D), and PCA and T-SNE analy-
ses also showed the same trend with the TCGA 
cohort (Figure 4E, 4F). 

Independent prognostic value of the prognos-
tic model

We next investigated whether risk score origi-
nating from the DEG prognostic model could 
act as an independent predictive factor for sur-
vival status of LC patients. Univariate Cox 
regression analysis showed that the risk score 
could be an independent prognostic factor in 
both groups (TCGA cohort: P < 0.001, HR = 
3.742, 95% CI = 1.921-7.289, Figure 5A. GEO 
cohort: P = 0.007, HR = 3.543, 95% CI = 1.422-
8.827, Figure 5C). Multivariate Cox regression 
analysis showed that the risk score was still an 
independent prognostic factor (TCGA cohort: P 
< 0.001, HR = 3.540, 95% CI = 1.789-7.003, 
Figure 5B. GEO cohort: P = 0.010, HR = 3.449, 
95% CI = 1.347-8.827, Figure 5D). Besides, 
combined with univariate and multivariate Cox 
regression analyses, it was observed that age 
and N stage were also significantly associated 
with the prognosis of patients with LC in the 
TCGA cohort (P < 0.01, Figure 5A, 5B). In the 
GEO cohort, T stage was significantly correlated 
with prognosis of patients (P < 0.05, Figure 5C, 
5D). In addition, the heatmap that integrated 
the DEG signature and clinical findings of LC 
patients in the TCGA cohort revealed a signifi-

cant difference of clinical grade of tumor differ-
entiation and T stage between the low- and 
high-risk groups (P < 0. 05. Figure 5E).

Functional analyses based on the prognostic 
model

According to the risk score of the prognostic 
model, we selected 47 DEGs according to FDR 
< 0.05, and |log2FC| ≥1 in the TCGA cohort. GO 
and KEGG analyses were performed based on 
these DEGs. GO enrichment analysis showed 
that the DEGs were highly enriched in cell dif-
ferentiation, T cell activation, and MHC protein 
complexes (Figure 6A). KEGG enrichment anal-
ysis showed that these DEGs were correlated 
with infection, T cell differentiation, immunity, 
and inflammation (Figure 6B).

Comparison of the immune activity between 
high and low risk groups

To compare immune cell infiltration and activa-
tion of immunity-related functions, ssGSEA 
analysis was performed on the high- and low-
risk groups in the TCGA and GEO cohorts. The 
results showed that the high-risk group gener-
ally had a low level of immune cell infiltration in 
the TCGA cohort. It was mainly manifested in 
the antibody drug conjugates (aDCs), B cells, 
CD8+ T cells, mast cells, natural killer (NK) cells, 
plasmacytoid dendritic cells (pDCs), T helper 
cells (Tfh, Th1 cells, Th2 cells), and regulatory 
T(Treg) cells (Figure 7A). In all 12 immune path-
ways except the major histocompatibility com-
plex (MHC) class1, the high-risk group had sig-
nificantly lower levels than the low-risk group 
(Figure 7B). In the GEO cohort, CD8+ T cells, 
mast cells, NK cells, and pDCs were lower in 
the high-risk group than in the low-risk group 
(Figure 7C). Cytolytic activity, inflammation pro-
motion, MHC class1, anaphase promoting com-
plex (APC) co-inhibition, checkpoint, and T cell 
co-inhibition were lower in the high-risk group 
than in the low-risk group (Figure 7D). This indi-
cated that the prognostic model effectively  
disclosed the status of the immune micro- 
environment.

Discussion

Laryngeal carcinoma (LC) is a malignant tumor 
that reduces the quality of life. Despite great 
advances in diagnosis and treatment in recent 
years, the survival rates remain poor. Since the 
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Figure 4. Validation of the prognostic model in the GEO cohort. A. Distribution of patients in the GEO cohort based on the median risk score in the TCGA cohort. B. 
Kaplan-Meier curves between low- and high-risk groups. C. ROC curves of the risk score in the GEO cohort. D. The survival status for each patient in the high- and 
low-risk groups. E. PCA plot. F. t-SNE analysis.
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Figure 5. Univariate and multivariate Cox regression analyses for the risk score. (A) Univariate and (B) Multivariate analysis, respectively, for the TCGA cohort. (C) 
Univariate and (D) Multivariate analysis, respectively, for the GEO cohort. (E) Heatmap of the gene expression signatures and clinicopathological characteristics for 
high and low risk groups (blue: low expression; red: high expression).
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Figure 6. Functional analyses based on the prognostic model in the TCGA cohort. A. GO enrichment analysis barplot 
graph of DEGs (color represents q value, the daker the color, the more significant the difference; The length of the 
bar represents the degree of enrichment; q value: the adjusted p value). B. GO enrichment bubble graph of the 
DEGs (The bubble size of the bubble graph represents the degree of enrichment).

Figure 7. Comparison of the ssGSEA scores for immune cells and immune pathways. A, B. Differences in the en-
richment scores of immune cells and immune-related pathways between the high and low risk groups in the TCGA 
cohort. C, D. Differences in the enrichment scores of immune activity between the high and low risk groups in the 
GEO cohort. P values are marked as: *P < 0.05; **P < 0.01; ***P < 0.001.
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main purpose of cancer treatment is to trigger 
the death of cancer cells, the anti-apoptotic 
properties of tumor cells often lead to treat-
ment failure. Thus, it is important to explore the 
mechanism of non-apoptotic programmed cell 
death in tumor therapy, and pyroptosis is a new 
discovery. Although the tumor-promoting role of 
pyroptosis in cancer has been demonstrated in 
many studies, such as in colorectal cancer, 
recent studies have shown that inducing pyrop-
tosis may trigger a powerful anti-tumor effect, 
such as in hepatocellular carcinoma [4]. Since 
tumor cells have an innate anti-apoptotic abili-
ty, inducing pyroptosis may be of great value for 
the treatment of tumors [20]. Therefore, it is of 
great value to explore the relationship between 
LC and pyroptosis. In this study, 6 key DEGs 
that were significantly associated with LC were 
screened based on pyroptosis-related genes, 
and a predictive model of LC prognosis was 
constructed based on the DEGs. The validation 
showed that the model had a good predictive 
efficiency. 

In addition, we performed both a retrospective 
study of patients with LC and a comprehensive 
and detailed assessment of pyroptosis-related 
genes to explore their association with survival 
and clinicopathological characteristics. First, 
we found that 37 pyroptosis-related genes were 
differentially expressed in tumor and normal 
tissues. Consistent clustering and survival 
analysis showed that DEGs could be used to 
predict the prognosis of patients with LC. The 6 
genes (CHMP7, GSDME, GZMB, CASP9, IL6, 
and NLRP1) were further screened to con- 
struct a prognostic model using Cox regression 
and Lasso Cox regression analyses. CHMP7 
(charged multivesicular body protein 7) is a 
protein-coding gene related to cellular senes-
cence. During cell division, the macromolecular 
O-ring formed by the co-assembly of CHMP7 
and LEM2 is associated with the nuclear enve-
lope reformation [21]. Excessive activation of 
CHMP7 reduces translation efficiency [22] and 
may lead to severe membrane deformation, 
and further affects cell growth, metabolism, 
division, and internal environment stability [23]. 
In recent years, although a genetic association 
study has shown that CHMP7 is associated 
with gastric cancer [24], the role of CHMP7 in 
tumors remains unclear. However, the activa-
tion of the ESCRT-III mechanism involved in 
CHMP7 is associated with cancer cell death 

resistance, especially with the use of antican-
cer drugs [25], which may have potential for 
cancer treatment. GSDME is an important 
member of the GSDM family. As a key substrate 
for regulating pyroptosis, the GSMD family 
plays a key role in both classical and non-clas-
sical pathways of pyroptosis, among which 
GSDME and GSMDB are the two most widely 
expressed and studied [26]. In short, GSDME 
transforms caspase-3-mediated apoptosis into 
pyroptosis or causes cells to go directly to 
pyroptosis [27]. On the one hand, GSDME acti-
vates antitumor immunity to suppress tumor 
growth by increasing the number of cytotoxic 
lymphocytes [28]. On the other hand, GSDME 
has also been found to be related to the 
immune escape of tumor cells. Abnormal meth-
ylation of DNA in the GSDME promoter region in 
most tumor cells leads to low expression or 
silencing of GSDME. In these cells, caspase-3 
activated by anti-tumor drugs cleaves the 
downstream apoptotic protein PARP instead of 
GSDME to initiate apoptosis. Accordingly, meth-
ylation inhibitors restart the GSDME’s pyropto-
sis process to achieve the goal of cancer treat-
ment [26, 28]. Surprisingly, we found that 
GSDME was highly expressed in LC tissues. We 
further hypothesized that abundant inflamma-
tory factors released by GSDME-induced pyrop-
tosis may promote the occurrence of LC and 
lead to poor prognosis. This seems to be con-
trary to the GSDME-inhibitory or silencing prop-
erties of most tumors. Therefore, the signifi-
cance of GSDME in the development and treat-
ment of LC needs to be further explored. 
Granzyme B (GZMB), a unique immune defense 
effector protease is stored in the secretory ves-
icles of killer cells. After secreting cytosolic 
granules during killer cell attack, GZMB is 
transported to the cytoplasm of target cells 
with the help of the pore-forming protein perfo-
rin, activating the primary executor apoptosis 
pathway [29]. As an important effector mole-
cule of natural killer cells, GZMB enhances the 
cytotoxic activity of CD4+ T cells against tumors 
[30]. Tumor cells have a self-protection mecha-
nism by blocking the mitochondrial death path-
way activated by GZMB. Thus, activating GZMB 
expression and modulating immunity may be 
an important direction in tumor therapy [31].  
In addition, GZMB induces GSDME-dependent 
pyroptosis in tumor targets by directly cleaving 
GSDME and indirectly by activating caspase-3 
[28], which is consistent with the results of our 
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co-expression network. Interestingly, our re- 
sults suggested that GZMB was highly ex- 
pressed in LC tissues and may be an oncogenic 
gene, but it was enriched in the low-risk group 
and could prolong the survival of patients. This 
is worthy of further study. Caspase 9 (CASP9)  
is a key promoter of apoptosis and has been 
proven to be associated with HNSCC [32]. 
Recent studies have shown that upregulation 
of CASP9 contributes to TNFα promoting apop-
tosis of cancer cells [33]. Targeting CASP9 sig-
naling in combination with radiotherapy and 
immune checkpoint blocking can effectively 
control tumors by sequentially blocking endog-
enous and exogenous inhibitory signals [34]. 
This could lead to new strategies for cancer 
treatment. Interleukin-6 (IL6) is an inflammato-
ry cytokine involved in a variety of biologic pro-
cesses, including immune disorders and can-
cer. Anti-IL6 therapy has been used in the treat-
ment of multiple myeloma, prostate cancer, 
hematologic tumors, and renal cell carcinoma 
[35]. NLRP1 is the first protein identified to be 
assembled into an inflammatory complex and 
is primarily involved in autoimmunity, autoin-
flammation, and other diseases. Recent stud-
ies have found that NLRP1 activation leads to 
downstream chemokine production and induc-
es pyroptosis, which appears to be a protective 
mechanism, such as the improved resistance 
to Bacillus anthracis [36, 37]. In our study, we 
found that NLRP1 was highly expressed in the 
low-risk group, which was consistent with a pro-
tective mechanism of NLRP1-induced pyropto-
sis. However, NLRP1 was highly expressed in 
tumor tissues, whether it is an oncogene is 
uncertain.

In summary, the 6 genes associated with the 
prognostic model (CHMP7, GSDME, GZMB, 
CASP9, IL6, and NLRP1) are promoters of 
pyroptosis, control genes of apoptosis, or key 
factors in the inflammatory response. It is gen-
erally believed that blocked apoptosis leads to 
excessive proliferation of tumor cells during 
tumorigenesis. Initiating pyroptosis may be an 
effective means of treating cancers. None- 
theless, pyroptosis caused by inflammation 
may promote the development of tumor. 
Therefore, further studies on pyroptosis are 
needed to better understand the occurrence, 
development, and treatment of tumors.

Validation of the prognostic model using the 
GEO database demonstrated that the model 

could effectively predict the prognosis of 
patients with LC. Independent prognostic anal-
ysis also demonstrated that the risk score 
could be used as an independent prognostic 
factor. To evaluate the expression of differential 
genes in the high- and low-risk groups, we per-
formed GO and KEGG analyses, and the results 
showed that the differentially expressed genes 
were highly enriched in cell differentiation, T 
cell activation and differentiation, MHC protein 
complex, infection, immunity, and inflamma-
tion. Therefore, we believe that inflammation 
and immune cell infiltration are key factors in 
different risk groups, and that changes in  
the tumor microenvironment associated with 
pyroptosis may be key factors influencing prog-
nosis. Therefore, we performed immune cell 
infiltration and immune function analysis.

The rapid proliferation of tumor cells is due to 
their ability to modulate the surrounding envi-
ronment to favor their own proliferation. The 
internal environment that favors their biological 
behavior is called the tumor microenvironment. 
We found that the high-risk group had a lower 
level of immune cell infiltration and immune 
functions than the low-risk group, and the sam-
ples from the GEO database also reached a 
consistent conclusion, suggesting that the poor 
prognosis of patients in the high-risk group may 
be caused by the overall reduction in immune 
levels. Recent research also proved that immu-
nosuppression and immune escape play a vital 
role in tumorigenesis, in which tumor cells can 
express immune-inhibitory molecules to evade 
immune attacks from the host [38]. Our study 
confirmed this conclusion, and also identified 
new immune targets associated with the prog-
nosis of LC, which are expected to provide a 
basis for future clinical trials and individualized 
treatment.

Pyroptosis may be a double-edged sword for 
cancer patients. In order to explore the role of 
pyroptosis in various cancers, the most direct 
and specific method is to develop prognostic 
and diagnostic models related to pyroptosis. 
Currently, the role of pyroptosis in LC remains 
unknown, and our findings contribute to the 
development of accurate and sensitive diag-
nostic and prognostic biomarkers for LC. 
Although we have conducted multi-angle and 
multi-database validation, there are still limita-
tions to this study that need to be considered. 
Our prognostic model needs to be validated 
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with reliability and accuracy in more external 
data sets and large clinical cohorts. Second, 
the mechanism of the precise process of pyrop-
tosis regulation of LC remains unclear. In addi-
tion, the mechanism of the prognostic model 
on LC immunotherapy is also unknown, which 
needs to be clarified in further research. The 
recent development of various pyroptosis-
inducing cancer drugs points the way forward 
for cancer therapy [39]. In the future, we will 
build upon previous progress to further explore 
the mechanism of pyroptosis-related genes 
and prognostic models in LC.

Conclusion

Through the joint analysis of data from the 
TCGA and GEO databases, this study success-
fully constructed a prognostic risk assessment 
model for LC mediated by 6 pyroptosis-related 
genes, which may well predict the prognosis of 
patients with LC. The screened genes might be 
new targets for LC diagnosis and treatment, 
and are expected to provide theoretical support 
for the study of pyroptosis-related molecular 
mechanisms and prognosis of LC.
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