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Abstract
Lung cancer is very di�cult to diagnose in the its early stages because of its initial asymptomatic
characteristics. In recent years, pyrolysis has been shown identi�ed as a novel type of programmed cell
death with in�ammation mediated by the gasdermin family. In this study, 33 differentially-expressed
pyroptosis-related genes were commonly identi�ed in both lung adenocarcinoma (LUAD) and lung
squamous cell carcinoma (LUSC) patients. Tumor-related gasdermin family genes that were signi�cantly
differentially expressed in non-small cell lung cancer (NSCLC) tissues were identi�ed by our co-expression
network analysis. Among them, the mRNA level of GSDMB gene had signi�cant impacts on tumor staging
and survival rates of NSCLC patients. Therefore, this gene is a potential new therapeutic target for the
treatment of NSCLC. In addition, the high expression levels of GSDMC/D were signi�cantly correlated with
the low overall survival (OS), progression-free survival (FP) and post-progression survival (PPS) of NSCLC
patients. Therefore, this gene is a potential oncogene for NSCLC. Furthermore, four small molecules
(erastin, cefotiam, metanephrine, and vorinostat) that could most signi�cantly reverse the NSCLC gene
expression were identi�ed. They interacted with GSDMB proteins mainly through H-bonds and
hydrophobic interactions. This study provides new therapeutic targets and prognostic makers for NSCLC
patients.

Introduction
Lung cancers are highly fatal diseases. Due to their initial asymptomatic characteristics, it is di�cult to
detect and diagnose lung cancers during their early stages, which is also the main cause of the high
death rate of lung cancer patients1,2. In the past few decades, the survival rate of lung cancer patients
has not been improved signi�cantly. There are about 1.8 million new lung cancer cases and 1.6 million
lung cancer-related deaths annually, yielding a mortality rate of more than 80%3. In the United States, lung
cancer is the second most common disease that causes deaths, and the 10-year survival rate for all
stages of lung cancer is less than 7%4,5. Current treatments for lung cancers include surgical resection,
high-dose stereotactic body radiation therapy, and molecular targeted therapies. Despite the continuous
development of molecular targeted drugs and immune checkpoint inhibitors, as well as the improvements
in the treatment methods for lung cancers, the 5-year survival rates for lung cancers with different
locations of lesions and stages remain poor6,7. In addition to the limited e�cacies of current treatment
options for lung cancers, the existing molecular pathological studies on lung cancers only bene�ted the
development of molecular targeted therapies for LUAD, while the research on LUSC and small cell lung
cancer is still in progress8. Early diagnosis and new therapeutic targets will bene�t the clinical
management and targeted therapies of lung cancers.

Pyrolysis is a type of programmed cell death mediated by the gasdermin proteins and accompanied by
in�ammatory and immune responses. Pyrolysis activates caspase-1 through promoting in�ammasome
assembly, which in turn facilitates the secretion of bioactive interleukin-1β/18, thereby achieving
in�ammatory cell death9,10. As a multi-protein signaling complex mainly expressed in myeloid cells,
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in�ammasomes play important roles in immunology, molecular pathology, and disease treatment11.
In�ammasomes can protect cells from pathogen invasion and prevent cancer-related diseases by
activating the human immune system. Previous studies have shown that the NLRP3 in�ammasome in
macrophages can optimally activate cells by combining purinergic signaling with the activation of the
complement cascade, a �nding that can potentially promote the research and development of anti-cancer
drugs12,13. As an important component of the d in�ammasome, NEK7 can mediate the activation
of NLRP3 in�ammasome through facilitating the interaction between the NF-κB signaling and NLRP3,
thereby affecting the pathogenesis of in�ammatory bowel diseases. In addition, unlike apoptosis,
pyrolysis may induce cytolytic death to cause diseases, during which it releases immunogenic factors
(such as interleukin-1β) and triggers in�ammation14. Some studies have shown that pyrolysis can inhibit
the growth of tumors and has the potential to be utilized in the treatments for cancers. For example, liver
cells treated with chemical reagents can overexpress TXNIP gene, which in turn activates the NLRP3
in�ammasome and caspase-1-mediated hepatocyte lysis15. In�ammasomes can also function as signal-
transmitting complexes in immune cells in brain microglia, thereby regulating brain functions and the
occurrence of diseases16.

The gasdermin family proteins, namely Gasdermin A (GSDMA), Gasdermin B (GSDMB), Gasdermin C
(GSDMC), Gasdermin D (GSDMD), Gasdermin E (GSDME, also known as DNFA5), and Pejvakin (PJVK,
also known as DFNB59), are the main executors of pyroptosis17. Under an atomic force microscope, it
can be observed that gasdermins are pore-forming effector proteins containing N-terminal and C-terminal
domains. The gasdermin-N domain can bind to membrane lipids, phosphoinositides and cardiolipins,
thereby generating pores in the cell membrane18,19. Through these cell membrane pores (10-20 nm in
diameter), cellular contents can be slowly released from cells, thereby leading to the formation of larger
oligomeric pores and activating a strong in�ammatory response, which ultimately leads to imbalance of
ion homeostasis and induces cell death20,21. Among the gasdermins, GSDMA/B have been associated
with the susceptibility of in�ammatory bowel diseases22; GSDMC overexpression can indicate a poor
prognosis in LUAD patients23; the expression of GSDMD promotes the response of CD8+ T cells to lung
cancer cells24; and GSDME has been regarded as a tumor suppressor gene25.

In this research, we systematically studied the expression of pyroptosis-related genes in normal and
tumorous (N&T) tissues from NSCLC patients, identi�ed gene modules closely related to the N&T tissues
through weighted correlation network analysis, and analyzed the expression levels, prognostic
signi�cances and mutation rates of gasdermin genes, as well as the correlations between their
expression levels with cancer stages in the NSCLC patients. Next, the functions of 150 genes whose
expression levels were closed associated with gasdermin gene mutations were predicted. Finally, the
prediction and molecular docking analysis of small molecule drugs that can target the gasdermin family
proteins were carried out (see Fig. 1 for the work�ow of this study). Our �ndings indicate that pyroptosis
has important impacts on tumor development, diagnosis, and treatment of NSCLC.

Materials And Methods
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Data preparation

The original data [the fragments per kilobase of transcript per million mapped reads (FPKM) values and
clinical information] of the NSCLC patients were downloaded from The Cancer Genome Atlas database
by using the SangerBox tool (SangerBox, http://sangerbox.com/). The “Deseq2”39 and “edger”
packages40 were used to identify differentially expressed genes (DEGs) (thresholds were padj < 0.05,
|log2FC| > 1, false discovery rate < 0.05) between the N&T tissues. We identi�ed 4,851 and 6,513 DEGs in
the LUAD and LUSC cohorts, respectively (Table S1). Subsequently, 40 and 45 pyroptosis-related genes
were identi�ed from the LUAD and LUSC cohorts, respectively, based on a previous review41-44 (Table S2).

Weighted co-expression network and immunohistochemical analyses

The “module detection” function of WGCNA and R packages (version 1.68) were utilized to identify the
gene co-expression modules between the N&T tissues of the NSCLC patients. The networks were
constructed by adjusting the parameters for the ‘block-wiseModules’ function of WGCNA for the LUAD
and LUSC DEG datasets, so that the input data were allowed for automatic and unsupervised network
constructions. We obtained the nodes and edges of the WGCNA network by calculating the correlations
among gene expression values. Each node in the WGCNA network corresponds to a gene, and the edges
were constructed by identifying the correlations between the expression levels of the DEGs. The
parameter settings for co-expression network construction were as follows: “powers” = 10,
“minKMEtoStay” = 0.7, “minModuleSize” = 30, “mergeCutHeight” = 0.25, and “minCoreKME” = 0.8, other
parameters were in their default settings. Next, nodes that had edges with a correlation value of r < 0.5
and a weighted threshold of  p < 0.5 were deleted. Finally, the nodes and edges of the DEGs shared by the
LUAD and LUSC cohorts were visualized using the Cytoscape (https://cytoscape.org/) software45.

The Human Protein Atlas (HPA)46 is a public database containing more than 26,000 proteins and more
than 17,000 target human genes (https://www.proteinatlas.org/). The molecular pro�les of gasdermin
family proteins in NSCLC patients were determined by using the HPA database

Differential expression analyses using UALCAN and GEPLA

UALCAN (http://ualcan.path.uab.edu) is an online platform for comprehensive, user-friendly and
interactive analysis of omics data based on TCGA database and the clinical data of 31 cancer types. In
our study, UALCAN was used to determine the differences in expression levels of gasdermin family genes
between the N&T tissues of the NSCLC patients (p-value < 0.05).

GEPLA (http://gepia.cancer-pku.cn/)47 is an interactive website for online analysis and mining of cancer
data deposited in TCGA and Genotype-Tissue Expression (GTEx) databases. Utilizing a standard data
processing pipeline, GEPLA can be used to perform customizable analyses, such as identi�cation of gene
biomarkers, N&T differential expression analyses, gene pro�ling based on cancer types or pathological
stages, patient survival analyses, and identi�cation of genes with similar functions. A multi-gene
comparison method was adopted to investigate the relationships between mRNA expression levels of the

http://sangerbox/
https://cytoscape/
https://www/
http://ualcan/
http://gepia.cancer-pku.cn/
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�ve gasdermin family genes and the staging of NSCLC tumors by using the “Expression DIY” function of
GEPLA. P values < 0.05 in Student’s t-tests were indicative of signi�cant differences.

Analysis of prognostic signi�cances of the gasdermin genes using Kaplan Meier plotter

The Kaplan Meier Plotter database (https://kmplot.com/analysis/index.php) has comprehensive and
su�cient chromatin immunoprecipitation sequencing (ChIP-seq) and RNA-seq data for analyses of gene
expression at the mRNA level. The database contains data from GEO, EGA and TCGA databases and can
accurately assess the effects of 54,000 genes on the survival of patients with 21 types of cancer. Breast
cancer (6234 cases), ovarian cancer (2190 cases), lung cancer (3452 cases), and stomach cancer (1440
cases) are the most studied cancer datasets48. In this study, we used the PostgreSQL server of the Kaplan
Meier Plotter database, which integrates both gene expression and clinical data of cancer patients, to
evaluate the prognostic signi�cances of the gasdermin genes. Based on the mRNA levels of gasdermin
family genes, the cancer patients were divided into high- and low-expression groups. Comparisons
between the two groups of patients were performed by using the Kaplan-Meier survival chart, and the
hazard ratios (HRs) and 95% con�dence intervals (CIs) as well as the log-rank p values were calculated. P
value < 0.05 is considered a signi�cant difference.

cBioPortal, Gene Ontology (GO), and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses

cBioPortal (http://www.cbioportal.org/) for Cancer Genomics is an open source for interactive exploration
of multiple cancer genomics datasets49. By using cBioPortal, we analyzed the genetic data of NSCLC and
objectively analyzed the in�uences of the �ve gasdermin genes on the development and prognosis of
NSCLC. In this study, we selected the LUAD (TCGA, Firehose Legacy) dataset, which includes 515 cases
with pathology reports, and analyzed the genomic pro�les of the �ve gasdermin genes, including their
mutations, their putative copy-number alteration data from Genomic Identi�cation of Signi�cant Targets
in Cancer (GISTIC), and their mRNA expression z-scores (RNASeq V2 RSEM, z-score threshold = ±1.8)50.
Mutations in the gasdermin family genes and their relationships with the OS of NSCLC patients are
shown as Kaplan-Meier plots, and the log-rank test was performed to determine the diversity between
survival curves. A p-value < 0.05 was considered statistically signi�cant. By using the “co-expression”
module of cBioPortal, genes whose expression levels were closed associated with gasdermin gene
mutations were identi�ed. Afterwards, the top 30 co-expressed genes with the largest Pearson’s
correlation coe�cients with each gasdermin family gene were identi�ed (Table S3). Using the GO and
KEGG modules in the DAVID database (https://david.ncifcrf.gov/)51, the functions and pathways of the
150 co-expressed genes associated with gasdermin gene mutations were analyzed (P-value < 0.05).

Prediction and molecular docking analyses of small molecule drugs that can target the gasdermin family
proteins

https://kmplot/
http://www/
https://david.ncifcrf.gov/
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Connectivity Map (CMAP) (http://www.broadinstitute.org) is an online database that links small
molecules to potential drug52. In this study, the differentially expressed gasdermin genes were imported
into the CMAP database to obtain enrichment values (-1~1). An enrichment value close to 1 represents a
positive correlation between the expression of a gene and a drug, while an enrichment value close to -1
represents a negative correlation. The top four most signi�cantly enriched small molecules were selected
according to the P value (the smaller the P value, the more signi�cant the enrichment), and
their 3D conformations were analyzed in PubChem (http://www.pubchem.ncbi.nlm.gov), a database
containing structure information of small molecules. Using the four most signi�cantly enriched small
molecule drugs as ligands and the gasdermin proteins as receptors, a molecular docking analysis was
performed using the docking method of “Auto Dock Vina” in the YASARA software53.

Results
Differential expression analyses of pyroptosis-related genes in the NSCLC patients

We identi�ed 4851 and 6513 differentially expressed genes (DEGs) in the LUAD and LUSC cohorts,
respectively, of which the down-regulated genes accounted for 60.17% and 55.86%, respectively (Fig. 2A).
Moreover, 40 and 45 pyroptosis-related genes were identi�ed in the LUAD and LUSC cohorts, respectively,
and 33 pyroptosis-related genes were found in both cohorts (Figs. 2B-C). Interestingly, these common
pyroptosis-related genes exhibited similar differential expression patterns in the LUAD and LUSC
cohorts, with 57.58% of the genes being down-regulated in tumor tissues. Previous studies have shown
that the expression of GSDMC gene can be used as a prognostic indicator in LUAD patients, which can be
utilized in the future treatment of lung cancers23. In addition, downregulation of GSDMD gene was found
to inhibit lung cancer tumor proliferation26. Therefore, the expression of this gene is an effective
prognostic indicator for NSCLC. Functional enrichment analyses showed that these genes were
principally enriched in cellular production of functional proteins and regulation of transcription activity
(Fig. 2D), such as positive regulation of cytokine production, regulation of interleukin-1β production,
regulation of DNA-binding activities of transcription factors, and regulation of interleukin-1 production,
among which interleukin-1β plays an essential role in pyroptosis.

Co-expression network analyses of pyroptosis-related genes and the DEGs identi�ed in the LUAD and
LUSC cohorts

Subsequently, we tried to identify correlated modules between the identi�ed DEGs and the N&T tissues of
the LUAD and LUSC cohorts and constructed a co-expression network using the pyroptosis-related genes
and the identi�ed DEGs with WGCNA27 tools.

Our results indicated that the N&T tissues of the LUAD and LUSC cohorts were closely correlated with the
DEGs, with a Pearson correlation coe�cient r of  > 0.5 (Fig. 3). For the LUAD cohort, we identi�ed three
gene modules (turquoise, red, and purple modules) associated with the tumor tissues, and the
corresponding Pearson correlation coe�cients were r = -0.71 (P-value < 5e-06), r = 0.57 (P-value < 0.002)
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and r = 0.52 (P-value < 3e-08), respectively. Besides, a module (red) associated with the normal tissues
(Fig. 3A) was identi�ed for the LUAD cohort. These four modules contained eleven differentially
expressed pyroptosis-related genes. For the LUSC cohort, we identi�ed two modules (turquoise and green
modules) related to the tumor tissues, and the corresponding Pearson correlation coe�cients were r
= -0.73 (P-value < 5e-07) and r = 0.56 (P-value < 1e-02), respectively. A blue module relevant to the normal
tissues was identi�ed for the LUSC cohort (Fig. 3B). Ten differentially expressed pyroptosis-related genes
were involved in the three modules for the LUSC cohort.

The �ndings of our co-expression network analysis for the LUAD cohort are summarized in
Fig. 3C. Four gene modules were associated with the N&T tissues in the LUAD cohort. Notably, there were
three key pyroptosis-related genes (namely GSDMB, GSDME and CARD16) in the turquoise module, four
key pyroptosis-related genes (namely GSDMA, GSDMD, NLRP3 and CASP3) in the red module, and four
key pyroptosis-related genes in the magenta module (namely GSDMC, IL6, NLRP14 and PJVK). Most
DEGs in the co-expression modules were downregulated. The proportions of downregulated genes in the
red, magenta and turquoise modules were 66.7%, 58.3% and 55.6%, respectively. Notably, 63.6% of the
pyroptosis-related genes were downregulated. Our co-expression network analysis of the LUSC cohort
(Fig. 3D) revealed that there were three gene modules associated with the N&T tissues. There were three
pyroptosis-related genes (namely TLR4, TXNIP and TLR3) in the blue module, four pyroptosis-related
genes in the turquoise module (namely GSDMB, GSDMD, GSDME and PLCG1), and three pyroptosis-
related genes in the green module (namely IFI16, CASP5 and GSDMC). In addition, the proportions of
downregulated genes in the blue, turquoise and green modules were 60%, 64% and 55.6%, respectively.

These results indicated that downregulation of the pyroptosis-related genes and the DEGs played an
essential role in the development of LUAD and LUSC. In each module, one pyroptosis-related gene
interacted with almost all the DEGs. This �nding indicated that the pyroptosis-related genes were key
regulators of the DEGs during the development of LUAD and LUSC. Furthermore, we noted that �ve
gasdermin genes (GSDMA/B/C/D/E) and four gasdermin genes (GSDMB/C/D/E) were expressed in the
tumor tissues of LUAD and LUSC patients, respectively. This indicated that these gasdermin genes might
play important roles in the development of LUAD and LUSC. These results may provide a new perspective
for identi�cation of novel prognostic biomarkers and therapeutic targets for patients with LUAD and
LUSC.

Veri�cation of expression levels of the gasdermin proteins

In order to further verify the correlations between the gasdermin family proteins and NSCLC, we analyzed
the protein levels of gasdermin family proteins in the N&T tissues of LUAD and LUSC patients based on
the HPA database (Fig. 4). The results showed moderate GSDMB/C/E expression, negative GSDMA
expression and strong GSDMD expression in normal tissues. The numbers of NSCLC
patients with gasdermin proteins being expressed in their tumor tissues were GSDMA:
11 cases (negative:10 cases and weak: 1 case); GSDMB: 8 cases (negative: 6 cases and weak: 2
cases); GSDMC: 11 cases (negative: 7 cases, strong: 2 cases, and moderate: 2 cases); GSDMD:
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10 cases (negative: 3 cases, weak:3 cases, strong: 2 cases, and moderate: 2 cases); and GSDME:
12 cases (negative: 8 cases, weak: 3 cases, and negative: 1 case). 

The above results showed that GSDMC was signi�cantly upregulated in tumor tissues compared with the
corresponding normal tissues, indicating a positive correlation between the expression of GSDMC and
lung cancer development. Compared with GSDMC, GSDMA/B/D/E were expressed at much lower levels
in tumor tissues, which is consistent with the WGCMA results. This also proved the credibility of our
identi�cation of the module genes.

Association between the aberrant expression of gasdermin genes and tumor stages in the NSCLC
patients

 Next, we used the UALCAN database to compare the expression levels of gasdermin genes between 515
primary tumor and 59 normal tissue samples from the LUAD cohort, and between 503 primary tumor and
52 normal tissue samples from the LUSC cohort. The expression levels of GSDMA/B/C/E genes were
signi�cantly higher in primary NSCLC tumor tissues than in the corresponding normal tissues, especially
those of GSDMB/C genes (Figs. 5A-E). Furthermore, the expression level of GSDMD was higher in normal
tissues than in primary tumor tissues in the LUSC cohort, and there was no signi�cant difference in
GSDMD expression between primary tumor tissues and normal tissues in the LUAD cohort. Using the
GEPIA database, we also analyzed the correlations between the expression levels of gasdermin genes
and the NSCLC patients’ tumor stages (Fig. S1). The expression level of GSDMB was signi�cantly
correlated with the NSCLC patients’ tumor stages, and NSCLC patients with earlier tumor stages tended to
express a higher level of GSDMB. In order to comprehensively investigate the aberrant expression of the
gasdermin family genes in the NSCLC patients, we also compared the relative expression levels of
gasdermin family genes in the LUAD and LUSC tissues (Fig. 5F). Interestingly, GSDMD had the highest
expression levels among gasdermin family genes in the LUAD and LUSC tissues.

These results indicated that the gasdermin family genes had signi�cantly different expression levels in
the LUAD and LUSC tissues. Meanwhile, the high expression of GSDMB may affect the tumor stages of
the NSCLC patients.

Survival analyses of the gasdermin genes in the NSCLC patients

By using data mining methods in the Kaplan–Meier Plotter database, we investigated the correlations
between the expression of gasdermin family genes and the OS, FP, and PPS of the NSCLC patients. To do
this, the NSCLC patients were divided into  high-expression and low-expression groups based on the
cutoff values in each cohort (Fig. 6 ).

 Our results indicated that the expression levels of GSDMB/C/D genes were signi�cantly correlated with
the OS, FP and PPS of the NSCLC patients. In contrast, there was no signi�cant correlation between
GSDME expression and either the OS or the FP of the NSCLC patients, whereas and increased
GSDME expression was associated with the PPS of the NSCLC patients. For GSDMB, the survival rates of
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patients in the high-expression group were higher than those of patients in the low-expression group, and
the OS, FP and PPS of the NSCLC patients were positively correlated with GSDMB expression. These
results suggest that GSDMB is a potential tumor suppressor gene. Unlike GSDMB, the expression levels of
GSDMC/D showed negative correlations with the OS, FP and PPS of the NSCLC patients. Unfortunately,
we were not able to establish a correlation between the expression level of GSDMA and the NSCLC
patients’ survival based on the Kaplan–Meier Plotter database.

Analysis of the prognostic signi�cances of gasdermin gene mutations

Heritable mutations are crucial targets of research on clinical medicine and cancer development28,29. In
order to investigate the prognostic signi�cances of gasdermin gene mutations, we performed mutation
analyses on the �ve genes of GSDMA/B/C/D/E based on the cBioPortal online tool. 

Gasdermin gene mutations were identi�ed in 237 out of 515 patients with LUAD (46%) (Fig. 7A). GSDMD,
GSDMC and GSDME had the highest mutation rates of 20%, 18%, and 14%, respectively. Besides, based
on the expression levels of gasdermin genes (RNA-Seq V2 RSEM), we also calculated the Pearson’s
correlation coe�cients between gasdermin family via the cBioPortal online tool for the LUAD cohort
(TCGA, Firehose Legacy). The results indicated an evident positive correlation between GSDMB, GSDMC,
GSDMD and GSDME genes (Fig. 7B). Finally, we analyzed the relationships between gasdermin gene
mutations and the OS of the NSCLC patients. Kaplan Meier plot analysis and log-rank test results
revealed that gasdermin gene mutations were associated with a shorter OS (Fig. 7C, p = 5.668E-3) in the
NSCLC patients. 

By analyzing the prognostic signi�cances of gasdermin gene mutations in the NSCLC patients, we
obtained 150 genes whose expression levels were signi�cantly associated with gasdermin gene
mutations by using the “co-expression” module of cBioPortal. Subsequently, we used the GO and KEGG
modules in DAVID to analyze the potential functions of these 180 genes, and the results are shown in
Fig. 7D. We found that gasdermin gene mutations in NSCLC were signi�cantly associated with biological
processes (BP) terms, including GO: 0006954 (in�ammatory response), GO: 0006955 (immune response),
GO: 0045087 (innate immune response), GO: 0002250 (adaptive immune response) and GO: 0050900
(leukocyte migration). Furthermore, we also found that cellular components (CC) terms such as GO:
0016021 (integral component of membrane), GO: 0005886 (plasma membrane), GO: 0070062
(extracellular exosome), GO: 0005887 (integral component of plasma membrane) and GO: 0005615
(extracellular space) were signi�cantly related to gasdermin gene mutations. Among molecular functions
(MF) terms, however, only GO: 0044389 (ubiquitin-like protein ligase binding) was associated with
gasdermin gene mutations. The KEGG analysis revealed that hsa05150 (Staphylococcus aureus
infection) and hsa04610 (Complement and coagulation cascades) were closely related to the gasdermin
gene mutations in NSCLC.

The above results indicated that gasdermin gene mutations may play potentially important roles in the
clinical treatment of NSCLC patients and in the development of NSCLC models. In particular, GSDMC/D/E,
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which had the highest mutation rates among the gasdermin family genes and an apparent positive
correlation among them, may be important for the prognosis of NSCLC patients. Furthermore, functional
enrichment analyses suggest that genes whose expression levels were signi�cantly associated with
gasdermin gene mutations may play important roles in in�ammatory and immune responses.

Prediction and molecular docking analyses of small molecule drugs that can potentially target gasdermin
family proteins

In order to identify novel therapeutic drugs for NSCLC, we used the CMAP database to match gasdermin
family proteins with therapeutic small molecules. The top four most signi�cantly enriched small molecule
drugs and their corresponding enrichment values and 3D conformations are shown in Table 1 and Fig. 8A
respectively. Among these small molecule drugs, cefotiam (enrichment value: -0.826), metanephrine
(enrichment value: -0.739), and vorinostat (enrichment value: -0.525) were associated with signi�cant
negative fractions. These candidate small molecule drugs have the potential to reverse gene expression
pro�les in NSCLC, providing a guidance for the development of targeted drugs for NSCLC.

Our molecular docking analysis revealed that the four small molecules mainly interacted with GSDMB via
H-bonds and hydrophobic interactions (Fig. 8B). For example, metanephrine can potentially form a H-
bonds (2.0A) with the O atom of Asp65 of GSDMB. In addition, metanephrine can potentially form
hydrophobic interactions with Trp230, Trp340, Glu153, and Tyr155 of GSDMB.

Table 1: The four most signi�cantly enriched small molecule drugs.

Rank CMAP name Mean N Enrichment value P CID

1 Erastin 0.701 4 0.838 0.00107 11214940

2 Vorinostat -0.508 12 -0.525 0.00136 5311

3 Cefotiam -0.701 4 -0.826 0.00177 43708

4 Metanephrine -0.691 5 -0.739 0.00244 21100

Discussion
Pyrolysis plays important roles in tumor proliferation, invasion and metastasis. Therefore, exploring the
regulatory mechanisms of pyrolysis in tumor cells and identi�cation of pyrolysis-related diagnostic
markers for cancers may bene�t the clinical treatment and prevention of cancers30,31. In this study, we
analyzed the expression pro�les of differentially expressed pyroptosis-related genes in the N&T tissues of
LUAD and LUSC patients, predicted N&T tissues-related modules through WGCNA, and identi�ed the
associations between gasdermin genes with tumor tissues of the two cancers through co-expression
network analyses of pyrolysis-related genes and DEGs. Next, we used the HPA database to further verify
the correlations between the gasdermin genes and NSCLC. To our knowledge, this should be the �rst
systematic study of the gasdermin family genes in N&T tissues of NSCLC patients.
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GSDMA has a regulatory effect on the expression of neighboring genes in the blood, which can reduce the
incidence of systemic sclerosis and contribute to the treatment of childhood acute lymphoblastic
leukemia32-34. As a functional gene implicated in the development of asthma, GSDMB is involved in
multiple pathways that can regulate the pathogenesis of asthma and slow down the deterioration of
pneumonia35. According to a previous study on the expression level of GSDMC, GSDMC may play
important roles in the treatment of lumbar spinal stenosis and LUAD23,36. In addition, it was observed that
downregulation of GSDMD could slow down the development of LUAD by regulating the EGFR/Akt
signaling pathway and had an impact on the treatment of acute kidney injury and diabetes, indicating
that GSDMD is an important prognostic biomarker for these diseases26,37. GSDME is important for
inducing pyroptosis in lung cancers and plays important roles in immune responses, clinical diagnosis
and treatments of tumors38. In our study, we found that the expression levels of GSDMA/B/C/E were
higher in tumor tissues than in normal tissues. GSDMD had the highest expression level among the
gasdermin family genes and its expression was signi�cantly higher in normal tissues than in tumor
tissues. These results were consistent with those of differential expression and co-expression network
analyses, verifying the results of these analyses and demonstrating the signi�cant roles of gasdermin
family genes in NSCLC. In addition, we found that the expression level of GSDMB was signi�cantly
associated with tumor staging and survival in the NSCLC patients. Therefore, GSDMB may become a new
therapeutic target in the future. GSDMC/D/E had the highest gene mutation rates among the gasdermin
family genes. Notably, high expression levels of GSDMC/D were signi�cantly correlated with poor OS, FP,
and PPS in the NSCLC patients, indicating that GSDMC/D are potential oncogenes for NSCLC. 

To develop new targeted drug therapies for NSCLC, we used the CMAP database to identify small
molecule drugs that can potentially target the gasdermin family proteins. The higher the enrichment value
of a small molecule drug, the more likely it can target the gasdermin family proteins. Among the enriched
small molecule drugs, metanephrine (enrichment value: -0.739) is an epinephrine metabolite widely used
in the production of enzyme-linked immunosorbent assay kits, but has not been used in the treatment of
NSCLC so far; cefotiam (enrichment value: -0.826), a second-generation cephalosporin widely used in the
production of antibiotics, has good antibacterial effects and has been widely used in clinical practice. Our
molecular docking analyses revealed that the four small molecules mainly interacted with GSDMB via H-
bonds and hydrophobic interactions. Our results provide a valuable guidance for the development of
novel small molecule drugs for NSCLC.

In conclusion, in this comprehensive multi-dimensional comparison study, we explored the prognostic
signi�cances of gasdermin family genes for NSCLC by using multiple online databases and
bioinformatics technologies. Our results provide new insights into the prognosis and treatment of
NSCLC. 
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Figure 1

A diagram showing the work�ow of this study. The work�ow includes data collection and processing (the
pink box), differential expression analysis and identi�cation of key genes (the light yellow box), multi-
database analyses of gene functions, gene expression levels, survival rates and potential targeted small
molecule drugs (the pale green box).
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Figure 2

(A) Histograms of upregulated and downregulated DEGs in the LUAD and LUSC cohorts; (B) Venn
diagrams of differentially expressed pyroptosis-related genes in the LUAD and LUSC cohorts; (C) Heat
maps of the expression pro�les of the 33 differentially expressed pyroptosis-related genes in NSCLC; (D)
GO functional annotations of the top 20 differentially expressed pyroptosis-related genes.
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Figure 3

(A-B) Gene co-expression modules associated with the N&T tissues of the LUAD and LUSC patients. The
colors indicate the gene co-expression modules. The Pearson's correlation coe�cients and the
corresponding P-values are presented in the form of Pearson's correlation coe�cient (P-value). (C-D) Co-
expression networks between pyroptosis-related genes and the gene modules related to the N&T tissues
of the LUAD and LUSC patients. The color represents the corresponding gene modules related to the N&T
tissues; the lines represent the correlations in expression between the pyroptosis-related genes and the
DEGs. The inner circles are the key pyroptosis-related genes, while the outer circles are the DEGs. Circles
represent upregulated genes, while quadrilaterals represent down-regulated genes.
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Figure 4

Levels of gasdermin family proteins in the N&T tissues derived from the HPA database. (A) The protein
level of GSDMA; (B) the protein level of GSDMB; (C) the protein level of GSDMC; (D) the protein level of
GSDMD; and (E) the protein level of GSDME.
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Figure 5

(A-E) The expression levels of gasdermin family genes in the N&T tissues of the LUAD and LUSC patients
(UALCAN, ***p-value < 0.001, **p-value < 0.01). (F) The relative expression levels of gasdermin family
genes in the NSCLC patients.
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Figure 6

Survival analyses of (A) GSDMB; (B) GSDMC; (C) GSDMD; and (D) GSDME genes in the NSCLC patients.
In the comparative analysis of OS, FP, and FPS survival curves, the red curve represents high expression
of these gasdermin family genes and the black curve represents low expression of these gasdermin
family genes (p-value < 0.05).



Page 22/23

Figure 7

(A) Summary of gasdermin gene mutations in the LUAD cohort; (B) Correlations among the gasdermin
family genes in the LUAD cohort; (C) the OS of the NSCLC patients; (D) GO and KEGG enrichment
analyses of the gasdermin family genes and the 150 genes whose expression levels were closed
associated with gasdermin gene mutations in the NSCLC patients.
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Figure 8

(A) The 3D conformations of the four most signi�cantly enriched small molecule drugs by the gasdermin
family proteins; (B) Molecular docking models of the four small molecules binding to GSDMB. The red
dotted lines represent H-bonds and the blue thin lines represent hydrophobic interactions.
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