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Gastric cancer is the fourth most common malignant disease and poses a significant health risk to many. To address this,
researchers are currently investigating different types of cell death beyond the well-studied apoptosis that is strongly correlated
with tumor evolution. One of the emerging topics of interest is the newly discovered inflammatory pyroptosis cell death pathway,
which may be relevant in cancers correlated with bacterial infection, such as gastric cancer. This study aims to provide gastric
cancer profiles of the pyroptosis-related cell death gene set for potential prognostic and diagnostic purposes, as well as future
potential therapeutic targets for cancer in a clinical setting. Multi-omic data for 21 target genes involved in pyroptosis were
acquired and utilized: CASP1, CASP4, CASP5, GSDMD, NLRP1, NLRP3, NLRC4, AIM2, ELANE, PYCARD, GBP1, GBP2,
APIP, GZMA, GZMB, NAT10, TRIM21, DPP8, DPP9, MIR223, and ZEB2. By analyzing over 450 gastric cancer tissue samples,
comprehensive genetic profiles of mRNA expression and correlating cancer survival were created. Findings of this study revealed
that the differential mRNA expression was noteworthy: GBP1, NAT10, DPP9, NLRC4, GZMB, and AIM2 were all upregulated,
while ZEB2 and ELANE were downregulated. Further analysis in stomach adenocarcinoma samples showed that overexpression
of ZEB2, NLRP1, GBP2, and ELANE is associated with a higher risk of patient mortality compared to other genes, with ZEB2
being the most statistically significant. This indicates the potential role of ZEB2 and ELANE as key biomarkers in pyroptosis cell
death. These results indicate that pyroptosis might be involved in cancer development and is potentially useful for cancer diagnosis
and prognosis. These singular cancer genetic profiles offer useful information and overall better understanding of pyroptosis and
its dual activity in gastric cancer.
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Introduction

Following the COVID-19 pandemic, cancer has become an
increasingly urgent public health concern with more than
2,001,140 new cancer cases and 611,720 cancer deaths pro-
jected to occur in the United States alone1. Contributing to this
concern is the upsurge in increasing incidence for 6 of the top 10
cancers (e.g. gastric, breast, uterine, pancreas)2. As the fourth
most common malignant disease and the second leading cause
of cancer-related death worldwide, gastric cancer (GC) is one of
the most prevalent malignant and aggressive cancer types with
a 5-year survival3. With a poorly understood carcinogenesis at
molecular levels, GC is a heterogeneous disease with various
molecular subtypes of significant differing clinical implications,
thus demanding extensive research to enhance early detection
and treatment strategies4. Biomarkers are characteristics that
are objectively measured and evaluated as an indicator of normal
biological processes, pathogenic processes, or pharmacological
responses to a therapeutic intervention5. Identifying biomarkers
through clinical studies and genomic analyses has the potential
to significantly enhance patient diagnosis and prognosis, thereby

advancing therapeutic strategies for gastric cancer. These efforts
could reduce gastric cancer-related mortality rates and improve
the chances of successful treatment for a larger number of pa-
tients.

The rapid advancement in studies of programmed cell death
has opened new possibilities for its application in gastric can-
cer diagnosis, prognosis, and therapy. An expedited number
of studies have highlighted non-apoptotic regulated cell death
subroutines and their roles in tumorigenesis such as necroptosis,
ferroptosis, entosis, and lysosome-dependent cell death6. A re-
cent study conducted by Jia et al. (2023) has revealed pyroptosis
as a newly discovered form of programmed cell death triggered
by the activation of inflammasomes7. The paper describes latest
advancements on the mechanisms of the pyroptosis pathway, me-
diated by critical inflammatory caspases7. Pyroptosis, as a form
of cellular host defense, plays an important role during bacterial
infection where it can promote an inflammatory response and
thus eliminate the replicative niche of intracellular pathogens8.
Pyroptosis is executed by protein gasdermin D (GSDMD) that
is cleaved and activated to release its N-terminal domain by
caspase-1/11/4/59. The N terminus of GSDMD subsequently
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binds membrane liquids and forms holes in the cell membrane,
manifesting as changes in cell osmotic pressure and gradual
expansion until the cytomembrane ruptures and releases cellu-
lar contents with strong inflammatory response mechanisms10.
This cell death is distinct from apoptosis as it involves caspase-
1, which plays a pivotal role in bacteria-induced cell death not
observed in other pathways7. Currently, the definition of py-
roptosis encompasses cell death triggered by caspases beyond
caspase-17.

Inducing pyroptosis in cancer cells has been suggested as
a new target for cancer treatment. However, researchers have
shown that pyroptosis may play dual roles in tumor activity.
Pyroptosis potentially provides a chronic inflammatory envi-
ronment aiding tumor cell transition and immune escape, while
appropriate levels of pyroptosis have also been shown to enhance
the antitumor efficacy of immune checkpoint inhibitors7. Tu-
morigenesis is regulated by various factors such as the immune
microenvironment and chronic inflammation9. In pyroptosis,
the released cytokines and growth factors, such as IL-1 and
IL-18, play a key role in promoting tumor infiltration and pro-
gression. These cytokines stimulate cell proliferation and reduce
cell death by activating transcription factors like NF-B, STAT3,
and AP-1 in premalignant cells11. This activation induces genes
that promote cell growth and survival11. Pyroptosis, as part
of inflammation-driven tumor promotion, may also involve the
angiogenic switch, which enables the blood supply necessary
for the continued growth of previously dormant tumors11. On
the contrary, recent studies also suggest that pyroptosis can ex-
ert antitumor effects by altering the tumor microenvironment,
which triggers an influx of lymphocytes. This immune response
creates a cycle of immune-driven tumor cell destruction, en-
hancing the vulnerability of tumor cells that were previously
resistant to immune checkpoint inhibitors, thereby improving
their responsiveness to treatment12.

In the context of GC, over 90% of gastric cancer cases are
strongly correlated to H.pylori infection, a common type of
bacterial infection that infects around 2 in 3 adults worldwide,
which makes it the strongest risk factor for GC13,14. Due to
the role of pyroptosis in combating bacterial infections, such as
H.pylori, that are significantly related to incidences of gastric
cancer using inflammatory responses, it is critical to explore the
unclear potential impacts of pyroptosis on the clinical prognosis
and diagnosis of GC. Since a majority of GC cases are H.pylori-
associated, examining the activity of the pyroptosis pathway
commonly used to combat H.pylori may be a strong indicator of
gastric cancer progression and response to treatment. Especially
with the current lack of literature exploring the intersection of
pyroptosis and GC in general, this study holds extreme preva-
lence. To do so, the researcher analyzed expression and survival
data of key genes in the pyroptosis pathway in GC to observe
any correlation indicating pyroptosis as a biomarker of GC.

This study focused on 21 total genes involved in the pyropto-

sis inflammatory pathway including CASP1, CASP4, CASP5,
GSDMD, NLRP1, NLRP3, NLRC4, AIM2, ELANE, PYCARD,
GBP1, GBP2, APIP, GZMA, GZMB, NAT10, TRIM21, DPP8,
DPP9, MIR223, and ZEB2. Some of these genes, such as
GZMA, GZMB, DPP8, and DPP9 play important roles in pos-
itively regulating and inducing pyroptosis. Other genes like
APIP negatively regulate pyroptosis through caspase-1-binding
inhibition and are known to promote tumorigenesis15. Many
genes were selected for this study because they played highly
active roles in pyroptosis pathway activation or deactivation.
The specific functions of these genes in pyroptosis is listed in
Table 1. Understanding the role of these genes in gastric cancer
development is crucial to comprehending the complexities of
gastric cancer with respect to induced pyroptosis.

This study aimed to provide a comprehensive genomics and
clinical association profiling of the 21 pyroptosis cell death
genes for future references. The 21 pyroptosis cell death genes
included in this study have important functions in the stages of
pyroptosis and insight into these genes in GC is necessary to
understand possible pyroptosis-related tumorigenesis or tumor
prevention. With the growing focus on pyroptosis in cancer
research, these timely profiles will offer valuable genetic insights
and serve as a helpful resource for future studies on the role and
potential of pyroptosis-related cell death as a cancer biomarker
in gastric cancer, which could revolutionize GC treatment and
development in clinical settings.

Methods

Data Acquisitions

The data for RSEM-normalized mRNA expression and clinical
survival were collected from The Cancer Genome Atlas database
(TCGA). The mRNA expression data has been downloaded from
UCSC Xena, which corrects for varying batch effects across
TCGA cohort samples. From this database, 450 samples of
stomach adenocarcinoma data, with 32 paired tumor and normal
samples, were used for this study for further analysis using the
Gene Set Cancer Analysis tool (GSCA)34.

Expression Analysis

A differential analysis was conducted using the GSCA tool to
compare expression levels between tumor and normal samples,
alongside an examination of differential expression for indi-
vidual genes. All expression analyses, along with the plotting,
were carried out using R Foundation for Statistical Computing
(2020), version 4.0.3, and ggplot2 (v3.3.2), or obtained from
the corresponding data source websites35. The significance of
differences between the two groups were evaluated using the
Wilcoxon rank sum test. For data comparison, the integrated
expression level of the pyroptosis gene set was calculated using
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Gene Symbol Full name Function in Pyroptosis
CASP1 Caspase 1 Cleaves pro-interleukin-1beta to play an immunomodula-

tory function16

CASP4 Caspase 4 Cleaves Gasdermin-D to release its N-terminal domain17

CASP5 Caspase 5 Cleaves Gasdermin-D to release its N-terminal domain17

GSDMD Gasdermin-D Binds membrane lipids which leads to change in osmotic
pressure and swelling17

NLRP1 NLR Family Pyrin Domain Containing 1 Mediates inflammasome activation in response to various
pathogen-associated signals18

NLRP3 NLR Family Pyrin Domain Containing 3 Mediates inflammasome activation in response to defects
in membrane integrity, leading to secretion of inflamma-
tory cytokines IL1B and IL1819

NLRC4 NLR CARD Domain Containing 4 Pathogenic bacteria protein sensor which responds by as-
sembling an inflammasome complex20

AIM2 Absent in Melanoma 2 Sensor component of the AIM2 inflammasome21

ELANE Elastase, Neutrophil Expressed GSDMB cleavage promoter and pyroptosis inhibitor22

PYCARD PYD and CARD Domain Containing Caspase-mediated cell death promoter23

GBP1 Guanylate Binding Protein 1 Interferon (IFN)-inducible GTPase that is a positive regu-
lator of inflammasome assembly24

GBP2 Guanylate Binding Protein 2 Interferon (IFN)-inducible GTPase that is a positive regu-
lator of inflammasome assembly25

APIP APAF1 Interacting Protein CASP1-dependent pyroptosis inhibitor26

GZMA Granzyme A Protease in the cytosolic granules of cytotoxic T-cells and
NK-cells that activates caspase-independent pyroptosis27

GZMB Granzyme B Protease in the cytosolic granules of cytotoxic T-cells and
NK-cells that activates caspase-independent pyroptosis28

NAT10 N-Acetyltransferase 10 Negative regulator of neutrophil pyroptosis29

TRIM21 Tripartite Motif Containing 21 Pyroptosis promoter through Lys6’-linked ubiquitination
of ISG12a/IFI2730

DPP9 Dipeptidyl Peptidase 9 Key inhibitor of caspase-1 monocyte and macrophage
pyroptosis31

MIR223 MicroRNA 223 Up-regulates expression of caspase-132

ZEB2 Zinc Finger E-Box Binding Homeobox 2 Knockdown of ZEB2 induces pyroptosis33

Table 1 Summary of pyroptosis gene-related functions in cell death

the Gene Set Variation Analysis (GSVA) with the R package
GSVA36.

Survival Analysis

The mRNA expression levels and clinical survival data were
assessed using GSCA, categorizing tumor samples into high and
low-expression groups based on the median gene value provided
by RSEM, a software tool that quantifies transcript abundances
from RNA-Seq data and aids with the differential expression
analyses. RSEM normalized scores correct for various biases
in RNA-Seq data, such as sequencing depth and the length
of transcripts, to provide comparable expression levels across
differing samples. The survival analysis was conducted using the

R package, fitting survival time and status between the groups.
The Cox Proportional-Hazards model calculated the survival
risk (Hazard Ratio, HR) for each gene, and log-rank tests were
performed using the Kaplan-Meier method for individual genes
in stomach adenocarcinoma37.

Results

GC Gene Expression Analysis Profiles of Pyroptosis Gene
Set

The expression difference of pyroptosis genes between cancer
and non-cancer tissues from TCGA was analyzed. The anal-
ysis of the expression profiles of pyroptosis cell death genes
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in cancer reveal differential expression, though the degree of
overexpression or underexpression varied. The findings indi-
cated GBP1, NAT10, DPP9, NLRC4, GZMB, and AIM2 all
appeared to be up-regulated while ZEB2 and ELANE appeared
to be down-regulated (Figure 1). Out of all the genes within the
gene-set, ELANE has the most differential average expression
between tumor and normal samples (Figure 2). However, the
expression of these genes showed significant differences when
comparing cancerous and non-cancerous tissues.

Fig. 1 Differential expression analysis of pyroptosis-related cell death
genes in tumor and adjacent normal samples. The dot size correlates
with the significance of the gene’s effect on expression. Color scale
represents FC value; blue: down-regulation; red: up-regulation.

In addition, comparative survival analysis was also conducted
to provide a profile of the association of pyroptosis-related cell
death genes and disease-free interval, disease-specific survival,
overall survival, and progression-free survival. Survival analysis
showed that some pyroptosis genes have a relationship between
expression and STAD survival. When overexpressed in STAD,
ZEB2, NLRP1, GBP2, and ELANE appear to have a larger
gastric cancer tumor survival risk in comparison to other genes
(Figure 3). ZEB2 appears to have the most statistically signifi-

Fig. 2 Average differential expression analysis of ELANE in tumor
and adjacent normal samples in a box plot.

cant survival difference across multiple variations of survival as
Kaplan–Meier curves for disease-free interval, disease-specific
survival, overall survival, and progress-free survival all demon-
strate lower survival when ZEB2 displays higher expression
levels (Figure 4). While there showed some significance across
various genes such as STAD, NLRP1 and GBP2, their expres-
sion levels may not be critical for gastric cancer. These results
indicated that the regulated expression of pyroptosis cell death
genes might be involved in tumorigenesis and tumor develop-
ment.

Discussion

In this study, the singular cancer analysis of the pyroptosis
pathway associated with inflammatory response and bacterial
infection showed its potential value as gastric cancer prognostic
and diagnostic biomarkers. Expression analysis results regard-
ing differential mRNA regulation of expression displayed that
ELANE had the most significant differences, being one out of
two genes that appeared to be down-regulated in GC. This is
not in accordance with a prior study, where ELANE was found
to be significantly up-regulated in GC and higher expression of
ELANE in GC cells was associated with pyroptosis. ELANE,
which encodes neutrophil elastase (NET), is located on chro-
mosome 19 and is one of six elastase genes found on humans.
High NET plasma levels are known to be significantly related
to pyroptosis as neutrophil elastases contained within NETs
can significantly damage surrounding cells. During cases of
infection, large amounts of ELANE are produced which could
be involved in tumor progression, poor patient survival, and
reduced tumor prognosis on the basis of increased pyroptosis,
relating to ELANE’s involvement in promoting inflammasome
activation and contributing to inflammatory responses38. How-
ever, touching back upon the dual-nature of the pyroptosis path-
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Fig. 3 Survival analysis of pyroptosis-related cell death genes. The dot size indicates the significance of the gene’s effect on survival in each
cancer type, and the color signifies the hazard ratio. Cox P values less than 0.05 indicate survival risk while Cox P values greater than 0.05
indicate survival increase. DFI: disease-free interval; DSS: disease-specific survival; OS: overall survival; PFS: progression-free survival.

Fig. 4 Kaplain-Meier curves for high and low expression comparative analysis in ZEB2 gene for various survivals. a) DSS survival b) DFI
survival c) OS survival d) PFS survival.

way in tumor development dependent on the surrounding tumor
microenvironment and other biological factors, the researcher
believes that it is possible for ELANE to be regulated in both
directions that vary from different collected tumor samples, as
inflammation. According to a study conducted by Du et. al
(2021), moderate pyroptosis facilitates cells to maintain home-
ostasis, improve immune system activity, and effectively clear
pathogens, all benefiting antitumor immunotherapy as such in
the context of H.pylori-correlated GC39. However, excessive
inflammation caused by pyroptosis is unfavorable to the host

and may significantly aggravate tumor progression, which re-
leases various inflammatory factors and forms an inflammatory
immune microenvironment39. In the context of the dual role
of the pyroptosis pathway in GC, there is not much existing
literature about ELANE’s involvement. However, high levels of
pyroptosis are strongly correlated with high levels of neutrophil
elastases such as ELANE which additionally contributes to an
overly inflammatory immune microenvironment and excessive
inflammation surrounding cancer cells. ELANE could be a
potential biomarker for GC. But as the differential mRNA ex-
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pression and tumor survival varies across studies, future studies
are strongly suggested to pursue further research on ELANE’s
expression regulation and the tendency of pyroptosis to aid in
tumorigenesis rather than killing tumor cells.

Beyond ELANE down-regulation found in GC, ZEB2 has
experienced down-regulation in the pyroptosis pathway of GC
in multiple variants of survival with Hazard Ratio values greater
than or equal to 1.44. According to our analysis, higher expres-
sion of ZEB2 correlates with higher risk of death and lower sur-
vival rates. From this, it seems likely that ZEB2 down-regulation
in GC, decreasing mRNA expression, increases GC tumor sur-
vival in patients. The down-regulation in the ZEB2 gene proves
to be relevant as it is primarily a regulator of astrogliosis after is-
chemia or reperfusion injury, which enhances neuronal prolifera-
tion and regeneration by reducing pyroptosis40. Thus, decreased
expression or knockdown of ZEB2 in GC increases pyroptosis
activity. In the context of gastric cancer, ZEB2 acts as a crucial
transcription factor in EMT-driven chemoresistance, causing
the breakdown of adhesion structures between tumor cells41.
This enhances tumor invasiveness, contributes to chemoresis-
tance, and results in treatment failure41. This indicates that in
this study, increased down-regulation of ZEB2 in the pyroptosis
pathways of GC indicates both higher pyroptosis and decreased
EMT-mediated chemoresistance, hinting that pyroptosis in GC
may contribute to increased tumor progression and resistance
to treatment. Thus, the ZEB2 gene in pyroptosis is a potential
biomarker for GC and has a potential use as a target in cancer
therapies. This is a novel discovery and has not been reported in
other studies. It does, however, support the tumorgenesis theory
of pyroptosis brought about by this study’s analysis of ELANE,
adding to prior studies identification of pyroptosis’ dual role in
cancer progression. Future research is proposed to delve deeper
into this relationship.

In the light of these two potential biomarkers highlighted
within this study, it is worth addressing current well-established
GC biomarkers as well. One of the most well-studied biomark-
ers of gastric cancer is HER2, which is not a part of the pyropto-
sis inflammatory cell-death pathway. HER2 (Human Epidermal
Growth Factor Receptor 2) is a member of the tyrosine kinase
receptor family. When HER2 dimerizes, it triggers autophos-
phorylation of tyrosine residues in the receptor’s cytoplasmic
domain, activating multiple signaling pathways that promote
cell proliferation and tumor formation22. This receptor is widely
expressed across various tissues, where it primarily supports
uncontrolled cell growth and tumor development. HER2 ampli-
fication or overexpression occurs in approximately 10-30% of
gastric cancers, making it a critical prognostic and predictive
biomarker that informs targeted treatment strategies22. Unlike
HER2, the potential biomarkers ELANE and ZEB2 are not
widely used as therapeutic targets and currently provide insights
into tumor aggressiveness and potential immune interactions or
metastatic risk. ELANE’s effects on GC through the creation

of an inflammatory microenvironment still requires additional
research since its expression may vary significantly based on
the tumor microenvironment and other inflammatory processes,
making it less specific compared to HER2. As for ZEB2, this
study along with other academic literature have found its am-
plification consistently results in a higher risk of metastasis
and pro-tumor growth, making it an ideal prognostic biomarker.
Both ELANE and ZEB2 still require further inquiry, with possi-
ble applications in research and future implications in targeted
interventions rather than standard care.

This study has a few potential limitations. For example, the
Gene Set Cancer Analysis tool and TCGA-collected data do
not take into account age or stage of cancer, which are clinical
variables that may have affected the results of these analyses.
Although this data has been RSEM-normalized for more accu-
rate comparison amongst differing samples, this factor is not
completely controlled for. Additionally, this study only analyzed
tissue samples, which provide a static view of the cancer rather
than capturing its dynamic progression. Another limitation is
that the study focused solely on gastric cancer. Further research
is needed to investigate bacterial infection-related cancers be-
yond gastric cancer to better understand pyroptosis-related gene
sets in cancer development. Despite these limitations, the study
offers valuable insights into potential diagnostic and prognostic
biomarkers and targeted therapies in clinical settings. These
findings promote additional research into the ELANE and ZEB2
as gastric cancer biomarkers, which in the clinical setting, en-
hances early detection, improves screening, therapeutic efficacy,
and prediction of recurrence risks and metastasis, further en-
abling better treatment and recovery for GC patients. Further
studies similarly exploring the field of using genetic profiles and
cancer will pave a stronger path for a clinical future of precision
medicine, where biomarkers can identify specific molecular tar-
gets within tumors, leading to more effective treatments. For
instance, targeting a gene involved in gastric cancer proliferation
or survival can help inhibit cancer growth with fewer side effects
compared to conventional therapies.The findings also present
a comprehensive overview of the pyroptosis pathway gene set,
which can serve as a reference for future cancer research.

Conclusion

This study thoroughly explored the genomic cancer profiles of
the pyroptosis gene set by analyzing mRNA expression and
survival data across over 450 samples and 32 paired samples
of stomach adenocarcinoma. The results highlighted ELANE
and ZEB2 as genes with reduced expression in pyroptosis, sug-
gesting that gastric cancer might be influenced by this process.
The analysis of pyroptosis-related genes in gastric cancer could
offer new insights for developing clinical therapies that target
pyroptosis. However, more extensive pan-cancer research is nec-
essary to investigate additional genes and evaluate the potential
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of pyroptosis as a biomarker across various cancer types beyond
gastric cancer.
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