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Background: Head and neck squamous cell carcinoma (HNSCC) is currently the sixth most common 
cancer worldwide, and its prevalence and recurrence rates are gradually increasing. To study the relationship 
between HNSCC and cell pyroptosis and provide new treatment options for HNSCC, a prognostic model 
of pyroptosis-related genes (PRGs) was established to predict the prognosis of patients with HNSCC, and an 
immune correlation analysis was performed.
Methods: A total of 53 PRGs were selected. We comprehensively analyzed the role of these PRGs in 
HNSCC through multiple omics data-set integration. We then identified two different molecular subtypes 
and found that changes in multi-layer PRGs were associated with clinicopathological characteristics, 
prognosis, and tumor microenvironment cell-infiltration characteristics in patients. Next, prognostic 
models were generated for nine PRGs; that is, cytotoxic T lymphocyte antigen 4 (CTLA4), V-set and 
immunoglobulin domain containing 4 (VSIG4), heparin-binding-epidermal growth factor (HBEGF), 
aquaporin-1 (AQP1), sodium channel epithelial 1 subunit delta (SCNN1D), argininosuccinate synthase 
1 (ASS1), family with sequence similarity 83 member (FAM83), cyclin dependent kinase inhibitor 2A 
(CDKN2A), and serine protease inhibitor Kazal 6 (SPINK6). Finally, a risk-score model was constructed, and 
the Kaplan-Meier method was used to evaluate overall survival. In addition, the immune environment and 
drug sensitivity were analyzed.
Results: This study showed that pyroptosis is closely related to HNSCC. The scores generated by the risk 
markers based on the new nine PRGs were identified as independent risk factors for predicting HNSCC. 
The differentially expressed genes between the low- and high-risk groups were further found to be related 
to the tumor immune cells and pathways. In addition, the risk score was found to be significantly correlated 
with chemosensitivity.
Conclusions: Our comprehensive analysis of PRGs revealed their potential role in the tumor immune 
microenvironment, clinicopathological characteristics, and prognosis. These findings may improve our 
understanding of pyroptosis in HNSCC and may provide new ideas for evaluating prognosis and developing 

more effective immunotherapy strategies.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is 
the sixth most common cancer worldwide (1). Research 
has shown that typical risk factors for HNSCC include 
smoking and excessive drinking (2). In addition, human 
immunodeficiency virus (HIV) (3), exposure to radiation (4), 
salted food (5), and poor oral hygiene (6) have also been 
shown to increase the risk of HNSCC.

At present, most HNSCC is accompanied by cervical 
lymph node metastasis, and radical treatment is carried 
out by a combination of surgery, radiotherapy and 
chemotherapy (7). However, recurrent disease and 
metastatic tumors are generally considered incurable and 
have a poor prognosis. Thus, more effective treatments, 
such as targeted therapies, for patients with advanced 
HNSCC need to be explored. To the best of our knowledge, 
no effective biomarker has yet been found (8).

Pyroptosis is a newly discovered form of pyroptosis 
triggered by pro-inflammatory signals (9) and inflammatory 
caspases (1, 4, and 5) after the activation of classical or non-
classical inflammatory body pathways. Research has shown 
that the exogenous activation of pyroptosis can trigger 
powerful anti-tumor effects (10).

The occurrence and development of tumors depend 
on aberrations in oncogenes, tumor suppressor genes, and 
the tumor microenvironment (TME) (10). It has been 
suggested that the TME score could serve as a prognostic 
biomarker for HNSCC. In particular, naive B cells, 
regulatory T cells, and follicular T cells in patients with 
high immunosuppressive HNSCC were associated with 
improved outcomes, while neutrophils and activated mast 
cells in patients with low immunosuppressive HNSCC were 
associated with poorer outcomes (11).

In conclusion, pyroptosis is known to play an important 
role in both tumor and anti-tumor processes. However, anti-
tumor effects require a combination of multiple immune 
factors and multiple pathways. Thus, a comprehensive 
understanding of the characteristics of pyroptosis-mediated 
TME immune infiltration may provide important insights into 
the TME of HNSCC and assist in the prediction of immune 
therapy responses. We present this article in accordance with 
the TRIPOD reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-23-922/rc).

Methods

Downloaded data

We use R version (x64 4.1.1) for data analysis. And we 
obtained the mutation data, RNA sequencing (RNA-seq) 
data, and corresponding clinical information of HNSCC and 
normal patients from The Cancer Genome Atlas (TCGA) 
database (https://portal.gdc.cancer.gov/repository). We also 
downloaded the clinical information of HNSCC patients from 
the Gene Expression Omnibus (GEO) database (GSE41613) 
(https://www.ncbi.nlm.nih.gov). In addition, the copy number 
data of HNSCC patients were downloaded from https://xena.
ucsc.edu/. This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Comprehensive analysis of the pyroptosis-related genes 
(PRGs) in TCGA database

Genes reported to be related to pyroptosis in the literature 
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were selected (12). The RNA-seq data from TCGA 
database were used to identify the differentially expressed 
genes (DEGs) between the normal tissues and tumor tissues; 
genes with P values <0.05 were selected. The results were 
visualized, and the DEGs were visualized in a box graph. 
In addition, a protein-protein interaction (PPI) map of the 
DEGs was generated using the STRING website (https://
string-db.org/). Before any comparisons, the expression 
data in TCGA database were normalized to fragments of 
millions of bases per thousand values. “Limma” package 
was used to identify the DEGs with P values <0.05. The 
significance levels of the DEGs are indicated as follows: 
* indicates the P value is <0.05, ** indicates the P value is 
<0.01, and *** indicates the P value is <0.001. The mutation 
data related to the HNSCC patients from TCGA data were 
downloaded, and the data were visualized in a waterfall 
diagram using the “maftools” package. Based on the copy 
data, each variation frequency was statistically plotted in a 
heatmap, and a copy number circle chart was drawn after 
the start- and the end-genes of the copy data were sorted 
into files with Perl.

Classification and immunoassays of pyroptotic typing

First, the clinical data in TCGA and GEO databases were 
integrated, and data on the expression of the PRGs were 
extracted. Second, the survival of the patients with the 52 
PRGs was analyzed using R’s “survival” package, and the 
statistically significant DEGs in terms of overall survival 
(OS) between clusters A and B were selected. Third, R’s 
“rcolorbrewer” package was used to generate a prognostic 
network diagram for these genes.

To explore the relationship between the significantly 
expressed PRGs and the HNSCC subtypes, a consistent 
cluster analysis was performed on the data of all 626 
HNSCC patients integrated from TCGA and GEO 
databases. The K values with the highest intracluster 
correlation and the lowest intercluster correlation were 
selected and typed by increasing the cluster variable (k) 
from 2 to 10. We then drew the survival curve. The gene 
expressions and clinical characteristics, including tumor 
stage, gender, age, and sample typing, of all the HNSCC 
patients in TCGA and GEO databases were combined 
and heatmaps were drawn using the “pheatmap” package 
from R. The Gene Set Variation Analysis (GSVA) package 
of R was used for the GSVA and the single-sample Gene-
Set Enrichment Analysis (ssGSEA). Moreover, R’s “limma” 
package was used to conduct the principal component 

analysis (PCA) on the samples.

DEGs and functional enrichment analysis of pyroptotic 
typing

The “limma” package of R was used to analyze the 
difference between pyroptotic clusters A and B, and a 
logfcfilter <0.585 and an adjusted P value filter <0.05 were 
the filter conditions used to screen for DEG. A Venn 
diagram was drawn with the Venn diagram package. The 
Gene Ontology (GO) analysis and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) analysis of these DEGs were 
carried out with “clusterprofiler” package.

Construction of prognostic model and risk-score analysis

The statistically significant (P<0.05) DEGs related to 
prognosis from 1,003 DEGs were screened using the 
“survival” package of R. Prognosis-related DEGs were then 
consistently clustered. By increasing the cluster variable 
(k) from 2 to 10, the k value with the highest correlation 
was selected within the groups, and the k value with the 
lowest correlation was selected between the groups, and the 
samples were then typed, and the survival curve was drawn. 
In addition, a heatmap of the DEGs was drawn with R’s 
“pheatmap” package using the gene expression profiles and 
clinical features of all the HNSCC patients in TCGA and 
GEO databases, including tumor stage, gender, age, PRGs 
(hereinafter referred to as PRG clusters), and differential 
prognosis-related clusters of PRG clusters (hereinafter 
referred to as gene clusters). To screen out the pyroptosis-
related DEGs, which are different from each gene cluster, 
R’s “limma” package was used to obtain 37 pyroptosis-
related DEGs under the conditions of sd (expclu [, I]) 
<0.001 and P value <0.05. A box diagram of the above 37 
DEGs was visualized with “ggpubr” package, and a PPI 
diagram of DEGs was made based on the PPIs.

Among the 37 prognosis-related DEGs, nine survival-
related genes were further screened by a least absolute 
shrinkage and selection operator (LASSO)-Cox regression 
model, and the correlation coefficients of these genes were 
obtained. The risk prognostic model was constructed using 
these nine genes and the related risk coefficients. All the 
samples were divided into training and test groups with R 
on the condition that y=rt [, 2], P=0.5, list=F. Patients from 
both groups were used to construct prognostic models, and 
the risk score for each patient was obtained based on the 
formulas and correlation coefficients. The median value of 

https://string-db.org/
https://string-db.org/


Pan et al. Analysis of immuno-phenotyping and pyroptosis in HNSCC302

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2024;13(1):299-316 | https://dx.doi.org/10.21037/tcr-23-922

the risk score in the training group was taken as the cut-off 
value, and the patients in the two groups were divided into 
high- and low-risk groups, respectively. A Sanggi diagram 
was drawn by observing the construction process of the 
prognostic model using the “global” package of R. Time-
dependent receiver operating characteristic (ROC) curves 
were used to evaluate the predictive power of the model for 
1-, 3-, and 5-year survival, and the survival curves of the 
high- and low-risk groups were analyzed.

R’s “limma” package was used to analyze the differences 
in the risk scores between each PRG clusters and gene 
clusters, and the results were drawn in a box diagram using 
“ggpubr” package. Next, R’s “limma” package was used to 
analyze the risk of the PRGs, and the pyroptosis-related 
DEGs were identified as high and low risk (P<0.05), and a 
box diagram was drawn with the “ggpubr” package.

Construction of the nomogram combined with clinical 
factors

After screening the clinical information, an alignment 
diagram was drawn using the “RMS” package of R. Based on 
the multivariate regression analysis, gender, age group, tumor 
stage, risk value, total score, linear predictive value, the 1-, 
3-, and 5-year survival rate were comprehensively analyzed. 
The line segments with scales were drawn on the same plane 
according to the scale to mark the relationship between 
the various variables in the model. In addition, R was used 
to define the function of the risk curve, and a risk curve and 
survival state diagram were drawn for the training and test 
groups under the condition of bioriskplot = function (inputfile =  
null, project = null). Finally, a risk heatmap was plotted using 
the “heatmap” package. This model was validated using the 
GSE41613 and GSE31056 data sets, and risk scores were 
calculated using the same formula as that employed for 
TCGA and GEO (GSE41613) patient analyses.

Immune-cell and TCIA analysis

R was used to calculate the relative contents of the T cells, 
cluster of differentiation (CD)4+T cells, and B cells in each 
sample. Each content was equal to 1. All the immune cells 
were then cycled to determine the correlation between the 
risk score and the immune cells. Next, R’s “ggplot” package 
was used to draw a scatter diagram and a correlation 
heatmap of the immune cells with P values <0.05. Moreover, 
R’s “estimate” package was used to score the mechanism 
cells and immune cells of each sample, and the “ggplot2” 

package was used to draw the violin diagram.
Data from The Cancer Imaging Archive (TCIA; http://

tcia.at/) were downloaded. TCIA data were used to validate 
the performance of predicting anti-PD-1 and anti-cytotoxic 
T lymphocyte antigen 4 (CTLA4) responses. TCIA 
prediction scores were assessed using “limma” and “ggpubr” 
packages in R.

Mutation analysis of high- and low-risk groups

Using R’s “maftools” package, data on the differences in 
the mutations associated with the PRGs in the high- and 
low-risk groups were analyzed, summarized, analyzed, 
annotated, and visualized. The “include” function was then 
used to draw a mutation waterfall graph for the mutation 
data, which is displayed according to the risk grouping. 
Next, R’s “ggpubr” package was used to analyze the 
correlations between the high-risk and low-risk groups, and 
a box graph and a correlation graph were drawn.

Drug-sensitivity analysis

Using the drug information downloaded from R and taking 
a P value <0.01 as the filtering condition, the differences in 
drug sensitivity between the high-risk and low-risk groups 
were analyzed using the “prophetic” package, and a box 
diagram was drawn.

Statistical analysis

OS refers to the interval from the date of diagnosis to the 
date of death. Survival curves were plotted based on the 
Kaplan-Meier log-rank test results. The prognostic value 
for 1-, 2-, and 3-year OS was assessed using the ROC 
curves. All the statistical analyses were performed using R 
version 4.1.1. Statistical significance was set at P<0.05.

Results

Correlation analysis of the PRGs in TCGA database

The RNA-seq data of 501 HNSCC patients and 44 normal 
patients, the clinical information of 528 HNSCC patients, and 
the mutation data of 508 HNSCC patients were extracted 
from TCGA database. After the literature search (12),  
52 PRGs were identified (Table S1). A waterfall diagram of 
the genes related to cell-death mutations (plotted with R)  
is shown in Figure 1A. As Figure 1A shows, a total of  
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506 mutations were found in the sample data, of which  
380 mutations were PRGs. Of these, tumor protein P53 (TP53) 
had the highest mutation rate at 66%. This indicated that 
mutations in TP53 were closely related to the development of 
HNSCC tumors, and tumors might be caused by changes in 
the immune microenvironment of mutant TP53 (13).

In addition, the copy number data of HNSCC patients 
were downloaded and their frequency variability was plotted 
(Figure 1B). Among the 52 PRGs, TP53, gasdermin C 
(GSDMC), and gasdermin D (GSDMD) had a much higher 
frequency of copy number increase than deletion, while 
glutathione peroxidase 4 (GPX4), interleukin 18 (IL18), 
and elastase, neutrophil expressed (ELANE) had a lower 
frequency of copy number increase than deletion. Figure 1C 
shows the locations of the HNSCC alterations in the genes 
on their respective chromosomes. 

We also compared the messenger RNA (mRNA) 
expression levels between the HNSCC and normal tissues 
and found that the expression levels of most of the PRGs 
were positively correlated with the copy number variants, 
such as caspase 9 (CASP9) and absent in melanoma 2 
(AIM2). However, in some copy number variants, such 
as ELANE, mRNA expression was downregulated  
(Figure 1D). Thus, while copy number variation explained 
many observed changes in the expression of PRGs, it 
was not the only factor involved in regulating mRNA 
expression. This indicated that copy number variation was 
involved in regulating the expression of mRNA and has 
some value in the prognosis of HNSCC (14).

The PPI network was used to explore the interactions 
among the PRGs, and the results are shown in Figure 1E. 
We found that there were significant differences in the 
genetic landscape and expression levels of the PRGs between 
the HNSCC and control samples, indicating the potential 
function of PRGs in the carcinogenesis of HNSCC.

Identification of pyroptosis subtypes in HNSCC

The clinical information of 98 patients with HNSCC was 
downloaded from the GEO database. The RNA-q (RNA 
sequencing) of 643 patients with HNSCC was integrated 
with the clinical data of 626 HNSCC patients from 
TCGA and GEO databases, the expression of the PRGs 
was extracted, and the survival of the above-mentioned  
52 PRGs was analyzed with R “survival” package. Next,  
27 genes [bcl2 antagonist/Killer 1 (BAK1), caspase 3 (CASP3), 
caspase 5 (CASP5), caspase 6 (CASP6), caspase 9 (CASP9), 
charged multivesicular body protein 4B (CHMP4B), charged 

multivesicular body protein 7 (CHMP7), cytochrome C, somatic 
(CYCS), GSDMC, granzyme A (GZMA), granzyme B 
(GZMB), high mobility group box 1 (HMGB1), interleukin 1 
alpha (IL1A), interleukin 1 beta (IL1B), interleukin 6 (IL6), 
interferon regulatory factor 1 (IRF1), interferon regulatory 
factor 2 (IRF2), NLR family card domain containing 4 (NLRC4), 
NLR family pyrin domain containing 2 (NLRP2), NLR family 
pyrin domain containing 1 (NLRP1), NLR family pyrin domain 
containing 6 (NLRP6, nucleotide binding oligomerization domain 
containing 2 (NOD2), phospholipase C gamma 1 (PLCG1), 
SR-related CTD associated factor 11 (SCAF11), TIR domain 
containing adaptor protein (TIRAP), tumor necrosis factor (TNF) 
and TP53] were obtained, of which the survival rates of 
patients in PRG clusters A and B were statistically significant 
(Figure S1). The synthesis of PRG’ interactions, regulator 
linkages, and their prognostic value in patients with HNSCC 
was confirmed in the pyroptosis network (Figure 2A).

To explore the relationship between the expression of 
the 27 pyroptosis-related DEGs and HNSCC subtypes, a 
consistent cluster analysis on data of 626 HNSCC patients 
from TCGA and GEO databases. By increasing the 
clustering variable (k) from 2 to 10, it was found that when 
k=2, the intra-group correlation was the highest and the 
inter-group correlation was the lowest, which indicated that 
the 626 patients with HNSCC could be divided into two 
groups according to the 27 DEGs (Figure 2B). The survival 
score of patients with PRG cluster A was higher than that 
of those with PRG cluster B; that is, PRG cluster A was low 
risk and PRG cluster B was high risk. The heatmap shows 
the gene expression profiles and clinical features, including 
tumor stage (I, II, III, IV, or unknown), age (≤60 years 
old, >60 years old, or unknown), gender (male or female), 
database (GSE41613 or TCGA), and PRG cluster (A or B). 
Differences in the clinical features and OS between the two 
clusters were found (P<0.05), which provides preliminary 
evidence that these PRGs show significant effects on OS 
rates in HNSCC We observed that patients in Cluster A 
had a lower TNM (tumor node metastasis) stage (P<0.05) 
than those in Cluster B (Figure 2C,2D).

Characteristics of the TME in distinct subtypes

The “GSVA” package of R was used for the GSVA and 
ssGSEA. The GSVA results (Figure 3A) showed that 
tryptophan metabolism, the T-cell receptor signaling 
pathway, the B-cell receptor signaling pathway, Leishmania 
infection, the chemokine signaling pathway, primary 
immunodeficiency, natural killer cell mediated cytotoxicity, 

https://cdn.amegroups.cn/static/public/TCR-23-922-Supplementary.pdf
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Figure 1 Analysis of cell PRGs in TCGA. (A) Waterfall diagram of pyroptosis mutations; (B) loss and gain of copy number of PRGs; (C) 
locations of HNSCC alterations in the PRGs on 23 chromosomes; (D) PRGs with differences between the tumor and normal tissues in 
TCGA database, *, P<0.05; **, P<0.01; ***, P<0.001. (E) PPI diagram of pyroptosis DEGs. PRGs, pyroptosis-related genes; TCGA, The 
Cancer Genome Atlas; HBSCC, head and neck squamous cell carcinoma; PPI, protein-protein interaction; CNV, copy number variation; 
DEGs, differentially expressed genes.
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antigen processing and presentation, autoimmune thyroid 
disease, graft versus host disease, allograft rejection, type I 
diabetes, viral myocarditis, systemic lupus erythematosus, 
the intestinal immune network, asthma, cell-adhesion 
molecules,  and the hematopoietic cell  system for 
immunoglobulin A production were highly expressed 
in PRG cluster A and lowly expressed in PRG cluster 
B. Bladder cancer and nitrogen metabolism were highly 
expressed in PRG cluster B ,which suggests that bladder 
cancer and nitrogen metabolism may mutually inhibit 
HNSCC tumors. The ssGSEA results (Figure 3B) showed 
that the scores of CD56 and neutrophil PRG cluster B were 
higher than those of cluster A, and the other immune cells 

scored the opposite. Further, CD56 and neutrophils had 
tumor-promoting effects on HNSCC (15,16).

A PCA, also known as Karhunen-Loéve transformation, 
was conducted to explore and visualize the high-
dimensional data set of the above 27 pyroptotic DEGs. The 
results showed that these DEGs were well differentiated in 
PRG clusters A and B (Figure 3C), indicating that patients 
could be successfully classified by the RPG clusters.

To further explore the differences in gene function and 
pathways between the subgroups of pyroptosis typing, 
“limma” R package was used with a logfcfilter <0.585 and an 
adjusted P valued filter <0.05 as the standard for extracting 
the DEGs. The 1003 DEGs screened were drawn on a 

Figure 2 Primary typing of pyroptosis-related-genes. (A) Prognostic network of pyroptosis DEGs; (B) a total of 626 patients with HNSCC 
were divided into two clusters according to the consensus clustering matrix (k=2); (C) Kaplan-Meier overall survival curves of two clusters; (D) 
pyroptosis DEG heatmap of DEG classification, clinical features, and tumor stages. PRG, pyroptosis-related-genes; DEGs, differentially 
expressed genes; HNSCC, head and neck squamous cell carcinoma.
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Venn map. Based on these DEGs, GO and KEGG pathway 
analyses were carried out. The results showed that the 
DEGs were mainly related to the immune response, the 
chemokine-mediated signal pathway, and inflammatory cell 
chemotaxis (Figure S2A,S2B).

Construction of prognostic model and risk-score analysis

To explore the potential biological behavior of each mode 

of cell death, 355 prognosis-associated DEGs were screened 
from the 1,003 DEGs in the pyroptosis classification 
using the R “survival” package. To further verify this 
regulatory mechanism, we used consensus clustering 
algorithms to classify the patients into two genic subtypes 
based on prognostic genes; that is, gene subtypes A and B  
(Figure 4A). The Kaplan-Meier curve showed that patients 
with gene subtype B had poorer OS than those with gene 
subtype A (log-rank test, P=0.002; Figure 4B). In addition, 

Figure 3 Immunological pathway analysis of PRG clusters. (A) Pathway enrichment analysis of PRG clusters A and B; (B) single-factor 
enrichment analysis of PRG clusters A and B, *, P<0.05; **, P<0.01; ***, P<0.001; (C) PCA analysis of PRG clusters A and B. PRGs, 
pyroptosis-related genes; PCA, principal component analysis.
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the pattern of gene subtype B was associated with advanced 
TNM staging and an older age. There were significant 
differences in prognostic gene expression among the 
two gene subtypes, which is consistent with the expected 
results for the pyroptosis patterns (Figure 4C,4D). We also 
found that these genes and proteins interacted very closely  
(Figure S3A).

Construction and validation of the prognostic model

For the 37 statistically significant prognosis-related DEGs, 
the LASSO-Cox penalty regression model was used for 
dimensionality reduction. A LASSO regression graph was 
generated (Figure S3B), and Lambda was selected as the 
critical value (Figure S3C). Finally, the model was optimized 
using a stepwise regression method, and a prognostic 
model comprising nine survival-related genes [i.e., CTLA4, 
V-set and immunoglobulin domain containing 4 (VSIG4), 
heparin-binding-epidermal growth factor (HBEGF), AQP1, 
SCNN1D, argininosuccinate synthase 1 (ASS1), family 83 
(FAM83), CDKN2A, and serine protease inhibitor Kazal 
6 (SPINK6)] was constructed. The analytical concept 
scoring model was expressed as follows: risk score = 
(0.223 × CTLA4 exp.) + (0.238 × VSIG4 exp.) + (0.163 
× HBEGF exp.) + (–0.331 × AQP1 exp.) + (–0.196 × 
SCNN1D exp.) + (0.219 × ASS1 exp.) + (–0.171 × FAM83 
exp.) + (–0.086 × CDKN2A exp.) + (–0.096 × SPINK6 
exp.).

All  the samples were divided into the training 
group and the test group. The training and test group 
comprised 297 patients, respectively. There were 148 
high-risk and 149 low-risk patients in the training 
group, and 149 high-risk and 148 low-risk patients in the 
testing group. In the training group (Figure 5A), the OS 
rate of the high-risk group was low, and the difference 
between the two groups was statistically significant, 
which showed that the model could predict the survival 
prognosis of patients with HNSCC. The areas under the 
ROC curve of the 1-, 3- and 5-year survival rates were 
0.718, 0.758, and 0.780, respectively, indicating that 
the model had good predictive ability (Figure 5B). The 
survival and ROC curves of the test group also showed 
the predictability of the prognosis model (Figure 5C,5D). 
Moreover, R’s “ggalluvial” package was used to draw a 
Sanggi diagram (Figure S3D) to show the construction 
process of the prognostic model. We also analyzed all 
the samples and verified that the prognostic model had a 
good ability to predict the survival of HNSCC patients 

of HNSCC (Figure S3E,S3F).

Construction of nomogram combined with clinical factors

The “limma” package of R was used to analyze the 
differences in the risk scores of the RPG clusters and gene 
clusters. The results showed that there was no difference 
in the risk scores of patients in the RPG clusters (P>0.05) 
(Figure S4A). However, the risk scores of patients differed 
in the gene clusters (P<0.05), and the risk score of the high-
risk group was higher than that of the low-risk group. This 
indicated that a low-risk score may be closely related to 
immune-activation characteristics, while a high-risk score 
may be related to matrix-activation characteristics. More 
importantly, gene subtype B had a significantly higher risk 
score than gene subtype A.

We comprehens ive ly  ana lyzed  the  nomogram 
combined with the clinical factors (Figure 6). We identified  
14 pyroptosis-related DEGs between the high- and low-
risk groups (P<0.05) (Figure 6A). Among them, certain 
PRGs [i.e., CYCS, BAK1, CASP3, nucleotide binding 
oligomerization domain containing 1 (NOD1), protein 
kinase camp-activated catalytic subunit alpha (PRKACA), 
IL6, IL1A, glutathione peroxidase 4 (GPX4), and HMGB1] 
were upregulated in the high-risk group and downregulated 
in the low-risk group, and thus classified as high-risk PRGs. 
While other PRGs (i.e., IL18, GSDMC, NOD2, NLRP1, 
and PLCG1) were downregulated in the high-risk group 
and upregulated in the low-risk group, and thus classified as 
low-risk PRGs.

A multivariate Cox regression analysis was conducted to 
identify the key clinical factors, such as gender, age group, 
tumor stage, risk value, total score, linear predictive value, 
and the 1-, 3-, and 5-year OS rates, and the “RMS” R 
package was used to construct the nomogram (Figure 6B),  
and generate the 1-, 3-, and 5-year calibration curves  
(Figure S4B). As Figure S4B shows, the three curves are 
close to the grey line, indicating that the model is highly 
accurate at predicting the 1-, 3-, and 5-year survival rates of 
patients. All the above results further validated the accuracy 
of our model in assessing the prognosis of HNSCC 
patients.

Finally, the clinical and survival characteristics of the 
prognostic model were analyzed (Figure 6). The risk curve 
and survival state diagram of the test and training groups 
(Figure 6D,6E,6G,6H) were drawn. The results indicated 
that the prognostic model could predict the prognosis 
of HNSCC patients well, and similar results were found 
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Figure 4 Second typing of cell pyroptosis genes (gene clusters). (A) A total of 626 patients with HNSCC were divided into two clusters 
according to the consensus clustering matrix (k=2); (B) Kaplan-Meier overall survival curves for two clusters; (C) Box plot of prognostic 
pyroptosis-related DEGs, *, P<0.05; **, P<0.01; ***, P<0.001; (D) Heatmap of DEGs related to prognosis. PRGs, pyroptosis-related-genes; 
HNSCC, head and neck squamous cell carcinoma; DEGs, differentially expressed genes.
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Figure 5 Validation of prognostic model. (A) Survival curve of the training group; (B) ROC curve of the training group; (C) survival curve 
of the test group; (D) ROC curve of the test group. AUC, area under curve; ROC, receiver operating characteristic.

for the training' group. In addition, the risk heatmap of 
the survival-related genes in the test and training group 
(Figure 6C,6F) showed that low-risk genes, such as CTLA4, 
FAM83E ,  AQP1 ,  SCNND ,  CDKN2A ,  and SPINK6 , 
decreased as risk increased, while high-risk genes, such as 
VSIG4, HBEGF and ASS1 increased as risk decreased.

External risk signature validation

To further validate the risk signatures developed above, 
data pertaining to HNSCC patients from the GSE41613 
and GSE31056 data sets were used. These patients were 

separated into high- and low-risk groups based on the 
median risk scores derived from TCGA and GEO merged 
data. We validated the prognostic model using the external 
data (Figure S5). Significant differences in OS were 
found between the low- and high-risk HNSCC groups  
(Figure S5D). The ROC curve analyses further confirmed 
the predictive accuracy of the model, with respective 
AUCs for 1-, 2-, and 3-year OS of 0.797, 0.818, and 
0.811, respectively (Figure S5C). The distribution of the 
risk scores and survival status between the high- and low-
risk groups is shown in Figure S5A,S5B. The results of 
the validation set demonstrate the ability of our model to 
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Figure 6 Construction and analysis of column chart. (A) Pyroptosis DEGs in the risk groups; (B) nomograph focusing on factors; (C) 
risk heatmap of the survival-related genes in the test group; (D) risk curve of the survival-related genes in the test group; (E) survival state 
diagram of the survival-related genes in the test group; (F) risk heatmap of the survival-related genes in the training group; (G) risk curve of 
the survival-related genes in the training group; (H) survival state diagram of the survival-related genes in the training group. *, P<0.05; **, 
P<0.01; ***, P<0.001. DEGs, differentially expressed genes.
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predict prognosis’ in HNSCC.

Immune-cell and TCIA analysis

To further analyze the immune cells of the prognosis 
model, we analyzed the correlation between the survival-
related genes and immune cells (Figure 7A). Figure S6A 
shows a graph displaying the correlations between the 
risk score of the patients and immune cells. Notably, B 
immature cells, dendritic cells, resting mast cells, plasma 
cells, CD4 memory T cells, CD4+T cells, auxiliary follicular 
T cells, and regulatory T cells were negatively correlated 
with the risk score of the patients. Conversely, M0 and M2 
macrophages, activated mast cells, and quiescent natural 
killers cells were positively correlated with the risk score of 
the patients. 

In addition, we analyzed the TME of each sample, 
including the stromal score, immune score, and Estimation 
of STromal and Immune cells in MAlignant Tumor tissues 
using Expression (ESTIMATE) score (Figure S6B). 
However, no differences in the stromal, immunological, 
and ESTIMATE scores were found between the high- and 
low-risk groups. The association between the risk score and 
immune cells suggests that there is a relationship between 

each immune cell. However, the results showed that the 
risk score was not correlated with the tumor immune 
microenvironment, which may be caused by the interaction 
between various immune pathways and cells.

We next investigated whether pyroptosis-related genetic 
signatures may contribute to the clinical benefit of immune 
checkpoint inhibitor therapy. TCIA analysis showed that 
the immune targets of both PD-1 or CTLA4 were effective 
in the treatment of HNSCC (Figure 7B-7E). These results 
suggest that better treatment options may be available for 
patients with HNSCC, such as single drug therapies and 
combination therapies (17).

Mutation analysis of high- and low-risk groups

The gene set used comprised all the PRGs (Table S1). 
There was a mutation difference between the high- and 
low-risk groups, such that the mutation rate of the low-
risk group was lower than that of the high-risk group  
(Figure 8A-8C). In addition, the correlation between the 
tumor mutation load and risk score was analyzed, and a 
positive correlation was found between the risk score and 
tumor mutation load (Figure 8D). These results suggest that 
tumor mutations have a negative effect on prognosis.

Figure 7 Immunotherapy analysis of prognostic models. (A) Correlation analysis between survival-related genes and immune cells; (B) 
immunotherapy analysis in CTLA4 immune site negative and PD-1 negative; (C) immunotherapy analysis in CTLA4 immune site negative 
and PD-1 positive; (D) immunotherapy analysis in CTLA4 immune site positive and PD-1 negative; (E) immunotherapy analysis in CTLA4 
immune site positive and PD-1 positive. CTLA4, cytotoxic T lymphocyte antigen 4; PD-1, programmed cell death 1.
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Next, we selected some chemotherapy drugs to 
evaluate the sensitivity of patients in the low- and high-
risk groups to these drugs. Interestingly, we found that the 
semi-inhibitory concentrations of cisplatin, cytarabine, 
docetaxel, and sorafenib were lower in the high-risk group, 
while the semi-inhibitory concentrations of chemotherapy 
drugs, such as gemcitabine and gefitinib, were significantly 
lower in the low-risk group. In summary, these results 
indicate that the PRGs were associated with drug 

sensitivity (Figure S7A-S7Z).

Discussion

In this study, we analyzed the role of PRGs in HNSCC 
from a multivariate genomics perspective and constructed 
a prognostic model of HNSCC with multiple levels 
and structures. Finally, a prognostic model comprising 
nine survival-related genes (i.e., CTLA4, VSIG4, HB-

Figure 8 Mutation analysis of prognostic models (A) Waterfall diagram of PRG mutation in the low-risk group; (B) waterfall diagram of 
PRG mutation in the high-risk group; (C) differential analysis of the tumor mutation load; (D) correlation analysis between the tumor 
mutation load and risk score. TMB, tumor mutation burden; PRG, pyroptosis-related gene.
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EGF, AQP1, SCNN1D, ASS1, FAM83, CDKN2A, and 
SPINK6) was constructed using a univariate Cox regression 
analysis. We verified the feasibility of the model in several 
respects. In the model of the pyroptotic DEGs, CTLA4, 
FAM83E, AQP1, SCNN1D, CDKN2A, and SPINK6 were 
low-risk genes, while VSIG4, HBEGF, and ASS1 were 
high-risk genes. In our study, the correlation between 
prognostic models and immune cells and pathways was well 
demonstrated, but there was no difference in the analysis of 
TME. This may be related to the PPIs in the TME and the 
influence of multiple pathways, such that the ESTIMATE 
score and the immune environment had little effect on 
HNSCC.

Two types of typing were performed in this study: (I) the 
typing of PRG clusters; and (II) the typing of gene clusters. 
We analyzed the differences in the risk scores between the 
two types of models. The risk score was found to be an 
independent factor in the gene clusters, but the risk score 
was not found to be an independent factor in the PRG 
clusters. It may be that the risk score is not representative 
due to the small number of DEGs associated with 
pyroptosis. 

The study showed that the occurrence and development 
of tumors depend on the mutations of carcinogenic and 
suppressor oncogenes, as well as the TME (10). However, 
in HNSCC, the effect of pyroptosis on the TME and 
prognosis is unclear. This study produced a prognostic 
model with nine PRGs (i.e., CTLA4, VSIG4, HBEGF, 
AQP1, SCNN1D, ASS1, FAM83, CDKN2A, and SPINK6), 
and found that it could predict the prognosis of HNSCC 
patients.

Protein CTLA4 is an important negative regulator of 
the immune response (18). It can cause the immune system 
to fail to kill tumor cells (19). In recent studies (20), some 
FAM83 members with sequence similarities have been 
shown to be significantly upregulated in a variety of human 
cancer types. One study showed that FAM83E regulates 
tumor progression (21). Further, the high expression of 
FAM83E has been shown to be related to better survival 
results. The AQP1 gene is located on chromosome 7p14 
and encodes highly conserved transmembrane aquaporin 
to promote transcellular water transport. AQP1 plays 
a carcinogenic role in many types of solid cancer (22). 
In this prognostic model, AQP1 seemed to be a tumor 
suppressor gene that inhibited the growth of HNSCC; 
however, its mechanism in pyroptosis needs to be studied 
further. SCNN1D is the member of the ENaC/degenerin 
superfamily (23), which is widely expressed in non-

epithelial cells and epithelial cells (24). In many tumors, 
SCNN1D is lowly expressed (25), which is consistent with 
our research conclusion. The CDKN2A gene encodes 
the proteins P14 adp ribosylation factor (ARF) and p16 
INK4a, also known as p16 (26). In HNSCC, CDKN2A is 
mainly an inhibitor gene (27). A previous study showed that 
CDKN2A is significantly correlated with the level of pro-
inflammatory factors in HNSCC samples and can be used 
as an independent prognostic factor (28). It may be related 
to the inflammatory response caused by pyroptosis (29). 
Human SPINK6 is a selective inhibitor of kallikrein-related 
peptidase in skin. SPINK6 has been shown to be associated 
with skin cancer and liver cancer cells (30), and to promote 
the metastasis of nasopharyngeal carcinoma through a 
secretory mechanism (31). Interestingly, we found that 
SPINK6 is a low-risk pyroptosis gene of HNSCC; however, 
the relationship between pyroptosis and SPINK6 needs to 
be further explored. 

VSIG4  i s  speci f ica l ly  expressed in  monocytes , 
macrophages, and dendritic cells (32). Recent studies have 
confirmed that VSIG4 is overexpressed in a variety of cancer 
cells and plays a role in cellular immune function and in 
promoting tumor progression as a carcinogenic oncogene 
(33,34). It is well known that NLRP3 inflammasome 
promotes  inf lammation or induces inf lammatory 
pyroptosis (35). In this study, the prognosis of VSIG4 was 
positively correlated with macrophages. Consistent with 
the results of the present study, another study showed that 
VSIG4 initiates inhibitory signals to specifically weaken 
the expression of NLRP3 in macrophages and affects 
pyroptosis (36). We speculated that VSIG4 negatively 
regulates the expression of NLRP3 by upregulating the 
immune response of macrophages, affects pyroptosis, 
and thus promotes the occurrence of tumors. HBEGF 
is expressed under inflammatory and pathological 
conditions (37). Some studies have shown that fibroblasts 
from RA (rheumatoid arthritis) (38) and colon tumors (39) 
promote the occurrence of inflammation with macrophages. 
Our study showed that HBEGF, as a high-risk gene, is 
more meaningful for mast cells. ASS1 is a urea cycle 
enzyme that is essential in the conversion of nitrogen 
from ammonia and aspartic acid to urea (40). ASS1 has 
been shown to play an important role in inhibiting tumor 
cell proliferation, tumor cell migration, tumor invasion, 
and tumor angiogenesis (41). However, there may be 
significant differences in the expression levels of ASS1 in 
different tumor types (42-45). ASS1 was a high-risk gene 
for prognosis in HNSCC, and the mechanism is likely 
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to be closely related to cell metabolism and the immune 
response (46).

Conclusions

Our comprehensive analysis of PRGs revealed that 
their extensive regulatory mechanisms affect the tumor 
immune interstitial microenvironment, clinicopathological 
characteristics, and patient prognosis. More importantly, 
the immune-related mechanisms underlying pyroptosis may 
be related to PD-1/PD-L1- or CTLA. Our study identified 
some novel genetic markers for predicting the prognosis 
of patients with HNSCC and provides an important 
foundation for future studies on the relationship between 
PRGs and immunity in HNSCC. However, due to the 
limitations of the database samples, we were unable to 
obtain the patients’ treatment plans and related information, 
and were thus unable to equilibrate the various samples. In 
addition, due to the lack of data, it was difficult to confirm 
whether these regulatory factors also play a corresponding 
role in the pyrolytic pathway of HNSCC. This question 
deserves further investigation. Further in vitro and in vivo 
experiments should be performed in the laboratory to test 
our hypothesis.
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