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Purpose: Pancreatic adenocarcinoma has a poor prognosis and chemotherapy has its limitation due to tumor heterogeneity. It is
essential to find novel targets involving in tumorigenesis of pancreatic adenocarcinoma. Growing evidences indicated that pyroptosis is
involved in tumorigenesis of many cancers, but the relationship between pyroptosis and pancreatic adenocarcinoma still remains to be
elucidated. Our object is to explore whether pyroptosis-related different expression genes have association with survivals of pancreatic
adenocarcinoma patients and the mechanism they may participate in. Besides, we also analyzed their effect on immune cell infiltration
in tumor microenvironment.
Patients and Methods: We used the bioinformatic analysis tool including GEPIA, cBioPortal, STRING, GeneMANIA, R software
4.03 and TIMER2.0 to investigate the different expression, prognostic value, protein-protein interaction, gene ontology, pathway and
effect of immune cell infiltration of pyroptosis-related genes in PAAD.
Results: Many pyroptosis-related genes express differently between pancreatic adenocarcinoma and normal tissues and they are
associated with survival of PAAD. GABARAP and IL18 may play a key role in tumorigenesis of PAAD, for they are connected with
overall survival, disease free survival and pathological stages at the same time. The function of pyroptosis-related genes includes
cytokine production, endopeptidase activity, regulation of inflammation and inflammasome complex and pyroptosis-related genes have
effect on immune cells infiltration in PAAD microenvironment.
Conclusion: Lots of pyroptosis-related DEGs may get involved in pathogenesis of PAAD and their high expression have an effect on
survival. GABARAP and IL18 could be valuable research targets of PAAD.
Keywords: pyroptosis, pyroptosis-related gene, pancreatic adenocarcinoma, immune cell, microenvironment

Introduction
Pancreatic adenocarcinoma (PAAD) is a high malignant cancer which has an awful prognosis. Among all malignancy, it
ranks the tenth in terms of incidence but fourth in terms of cancer -related death and 5-year overall survival only reach
6%.1,2 PAAD is a silent disease at early-stage and the appearance of jaundice often accompany the diagnosis of locally
advanced unresectable tumors.Less than 20% patients meet the criteria for surgical resection.3 In addition, outcome of
surgery is not satisfied and even early-stage PAAD can have metastasis, so it is regarded as a systemic disease which
needs a comprehensive treatment.4 But due to tumor heterogeneity and robust drug resistance, chemotherapy also fails to
bring a favorable outcome. So it is critical to identify new biologic factors which participate in tumorigenesis of PAAD.
They could be the potential new markers which may be worth performing a further step research.

Pyroptosis is identified as a distinct programmed cell death from apoptosis, which could promote inflammation. The
characteristics of pyroptosis include cell swelling, membrane rupture and proinflammatory factors releasing. Pyroptosis
initiates when certain molecular patterns activate inflammasomes including NLR family, AIM2, Pyrin etc.
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Inflammasomes can cleave Caspase1 into the viable form, the latter can dictate GasderminD to form a pore in cell
membrane and release IL18 and IL1β as the mature form.5,6 In addition to this canonical pathway, other Caspase family
members also can induce pyroptosis like Caspase4, Caspase5 and Caspase8.7,8 Caspase3 also can execute cell pyroptosis
by activating GasderminE.9 Recently, novel evidences indicate that pyroptosis is involved in pathogenesis of cancer such
as breast cancer, lung cancer, colon cancer etc.10–12 Activation of pyroptosis can suppress tumor growth, but on the other
hand some studies find it can enhance tumorigenesis.13 It can also affect tumor immunity by regulating the immune cells
level in tumor environment.14 However, whether pyroptosis is associated with the mechanism and prognosis of PAAD
remains unclear. Thus, we performed a comprehensive analysis with the determination to uncover the prognostic value of
pyroptosis-related genes and their effects on immune cell infiltration in patients with PAAD.

Materials and Methods
Gene Expression Profiling Interactive Analysis (GEPIA)
GEPIA (http://gepia.cancer-pku.cn/) is an interactive web server for analyzing the RNA sequencing expression based on
data from the TCGA and the GTEx projects.15 In this study, we used the tool “Differential Expression Analysis” to
perform a differential expression gene (DEGs) comparison between PAAD tumor and normal tissues. The analysis
method selected ANOVA and Log|FC| Cutoff >1, q-value Cutoff <0.05 were set as the significance thresholds. The
pyroptosis-related genes were first selected in previous literature as routine,16 then we overlapped the extracted
pyroptosis-related genes with the DEGs. Next step, we analyzed the correlation between survival and pyroptosis-related
genes by using Survival Plots tool with detailed setting to be Cut off-High 60%, Cut off-low 40% and 95% Confidence
Interval.

cBioPortal
cBioPortal (www.cbioportal.org) is an open website which integrates many data resource including The Cancer Genome
Atlas (TCGA), The Cancer Genome Atlas (ICGC), Cancer cell line encyclopedia (CCLE) and American association
cancer research (AACR) databases. The cBioPortal can perform a comprehensive analysis of genes or proteins for it
consists of cancer-omic data including mutation, fusions, copy number variation. So we obtained the alteration
informations of pyroptosis-related genes from cBioPortal.

STRING
STRING (https://string-db.org/) website focuses on protein functions and interactions, whose data includes 14,094
organisms, 67.6 millions proteins and 20 billions interactions and its goal is to achieve a comprehensive analysis and
build an objective protein interaction network.17 We applied STRING to analyzed the protein–protein interactions
between targeted proteins corresponding to the identified pyroptosis-related genes.

GeneMANIA
GeneMANIA (http://www.genemania.org) is a database focusing on genes function and related genes including protein-
protein, protein-DNA and genetic interactions, pathways, reactions, gene and protein expression data, protein domains
and phenotypic screening profiles. We used GeneMANIA to search the prognostic pyroptosis-related DEGs genetic
functions and interactions.

R Software 4.03
Based on these DEGs who are associated with prognosis of PAAD, gene ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis were performed by applying the R package “clusterProfiler”, “org.Hs.eg.db”,
“enrichplot” and “ggplot2”.
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Timer2.0
TIMER (http://timer.cistrome.org/) is a comprehensive resource including four modules for investigating the associations
between infiltration of immune cells and genes in multiple cancer types.18 In “Immune Association Module”, we
investigated the association between different expression of DEGs and infiltration levels of immune cells in PAAD.

Results
Identification of Differentially Expressed Pyroptosis-Related Genes in PAAD Patients
The 131 pyroptosis-related genes were selected from previous literatures (Supplementary Table 1). The differentially
expressed genes in PAAD were analyzed on GEPIA website. There are 81 genes when we overlapped the pyroptosis-
related genes with DEGs (Supplementary Table 1). Among obtained genes, there were many significant pyroptosis-
related DEGs overexpressing in tumor compared with normal tissue, which may play an important role in mechanism
and prognosis of PAAD. For instance, CASP4, IL18, HMGB1, GABARAP, MELK, NLRP1, PKM and TFEB (Figure 1).

The Prognostic Value of Pyroptosis-Related DEGs in PAAD Cohort
In next step, we performed correlation analysis between DEGs and PAAD survival in GEPIA. 15 pyroptosis-related
DEGs were screened out to be associated with overall survival (Supplementary Table 2). Among these genes, the
different expression of CASP4, IL18, HMGB1, GABARAP, MELK, NLRP1, PKM and TFEB had effects on both
overall survival and disease free survival (Figure 2). What’ more, IL18 and GABARAP expressed distinctly in different
pathological stages (Supplementary Figure 1). Meanwhile, GDF11, ITPR1, PLCG1, CASP3, GSDMB, NEK7 and
APAF1 were only related with overall survival (Supplementary Figure 2). From another perspective, high expression

Figure 1 The expression profile of some selected pyroptosis related genes in PAAD. CASP4, IL18, HMGB1, GABARAP, MELK, NLRP1, PKM and TFEB, the expression level
of these pyroptosis related DEGs are higher in tumor than normal tissue.
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of CASP4, IL18, HMGB1, MELK, PKM, CASP3, GSDMB and NEK7 had the negative correlations with OS. On the
contrary, GABARAP, NLRP1, TFEB, GDF11, ITPR1, PLCG1 and APAF1 could improve prognosis of PAAD by
overexpressing. The analysis results demonstrated that pyroptosis-related DEGs are associated with the prognosis of
PAAD and activation of different pyroptosis pathway may lead to converse outcome of survival.

The Function of Pyroptosis-Related DEGs in PAAD Pathogenesis
We detected the alterations of pyroptosis-related DEGs in PAAD by using cBioPortal website. The prognosis-related
genes, CASP4, IL18, HMGB1, GABARAP, MELK, NLRP1, PKM and TFEB altered in 0.6%, 0.6%, 0.4%, 1.4%, 1.8%,
1.5%, 1% and 1.7% in PAAD patients. Totally, 92 samples had alterations recorded in 850 samples. Amplification and
deep deletion accounted for major proportion in alterations (Figure 3A and B). The function of genes and interactions
between corresponding proteins are important elements for understanding the biological phenomenon of cell, then we
conducted PPI, GO and KEGG pathway analysis of these pyroptosis-related DEGs. From results we can see that IL18
has direct interactions with many proteins in pyroptosis pathway. GABARAP was isolated from the main network and
seems to be a regulatory factor rather than direct engagement. Based on GeneMANIA and STRING data, functions of the
prognostic pyroptosis related DEGs include cytokine production, endopeptidase activity, regulation of inflammation,
inflammasome complex and tumor necrosis et al (Figure 3C, D and Supplementary Figure 3).The function of the

Figure 2 CASP4, IL18, HMGB1, GABARAP, MELK, NLRP1, PKM and TFEB have prognostic value in PAAD. Higher expression of CASP4, IL18, HMGB1, MELK and PKM are
associated with short OS and DFS. Higher expression of GABARAP, NLRP1 and TFEB make a contribution to a better OS and DFS.
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prognostic pyroptosis related DEGs indicated that it may play a significant role in regulating inflammation and immune
in PAAD.

Pyroptosis-Related Genes Effect on Immune Cell Infiltration in PAAD
We further explored the effect of pyroptosis-related genes on immune cells infiltration in PAAD by applying TIMER2.0.
The results indicated that prognostic pyroptosis-related DEGs are closely connected with infiltrations of immune cells
(Figure 4, Supplementary Figure 4) except that there are no data resource about MELK, PKM and TFEB in TIMER2.0
website. For instance, CASP4 expression was associated with CD8+ T cell, CD4+ T cell, B cell, DC cell and neutrophil
cell level. HGMB1 had an effect on infiltration levels of CD8+ T cell, CD4+ T cell, B cell, DC cell, neutrophil cell and
macrophage cell. IL18 was only connected with infiltration levels of CD8+ T cell, B cell and neutrophil cell in PAAD.
GABARAP had connections with the infiltrations of CD8+ T cell, DC cell, macrophage cell and neutrophil cell. NLRP1
affected the infiltration levels of CD8+ T cell, CD4+ T cell, B cell, DC cell, neutrophil cell and macrophage cell and the
other OS related genes all have connections with infiltrating levels of certain immune cells. The pyroptosis-related DEGs
may influence tumor microenvironment by regulating immune cells infiltration.

Discussion
For a more in-depth exploration of cell death in cancer, pyroptosis has become a hot topic in cancer research due to its
function in tumorigenesis and potential target value in therapy strategy. Up to now, there many researches revealed that
cancer cells can die of pyroptosis such as esophageal carcinoma, breast cancer, ovarian cancer, lung cancer and colon

Figure 3 The mutation and function of pyroptosis related DEGs. (A and B) The summary of pyroptosis related DEGs mutation in PAAD. (C and D) The functions and
protein-protein interactions of pyroptosis related DEGs in PAAD.
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Figure 4 The effect of pyroptosis related DEGs on immune cells infiltration level.
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cancer10,19–21 and studies also indicated that chemotherapy drugs and other reagents can trigger pyroptosis in various
cancer.22 But whether pyroptosis is involved in mechanism of PAAD remains to be elucidated. So we did a compre-
hensive analysis of pyroptosis-related DEGs in PAAD from OS, DFS, pathological stage, gene alteration, GO, KEGG,
PPI and immune cell infiltration aspects. In our results, CASP4, HMGB1, MELK, NLRP1, PKM, TFEB, IL18 and
GABARAP are associated with OS and DFS. Besides, GDF11, ITPR1, PLCG1, CASP3, GSDMB, NEK7, APAF1 only
have the connections with OS. In addition to OS and DFS, GABARAP and IL18 express differently according to
pathological stage at the same time, suggesting they may play a key role in tumorigenesis of PAAD.

As known, GABARAP is an important protein family which serves as a core character in autophagy.23 But
GABARAP might also get involved in mechanism of pyroptosis. It has been demonstrated that GABARAP plays a
critical role in down-regulation of macrophage pyroptosis by suppressing GBP2-dependent Caspase11-induced inflam-
mation in sepsis.24 The deficient of GABARAP also can enhance NLRP3 activation, Caspase1 activation and IL18, IL1β
releasing in LPS-treated macrophages.25 Based on the above evidences, the high expression of GABARAP may suppress
pyroptosis.

In previous literature, it has been indicated that GABARAP has prognostic value in different type tumors. High
GABARAP expression is associated with poor prognosis and with pathological characteristics in breast cancer.26 But
another study result suggested that GABARAP can suppress progression of breast cancer.27,28 GABARAP expresses
differently between Glioma and normal brain tissue and has a prognostic value in Glioma patient.29 GABARAP has a
relation with tumorigenesis of melanoma and ablation of GABARAP in mice suppresses tumor growth.30 GABARAP
expresses lower in colorectal cancer compared to adjacent mucosa and may delay progression of colorectal cancer.31

Hitherto, no research has examined the mechanism and prognostic significance of GABARAP in PAAD, our analysis
suggested that high level of expression of this gene is connected to good survival in PAAD patients and the potential
mechanism is that GABARAP may serve as a pyroptosis suppressor in PAAD.

IL18 is a released cytokine at the terminal downstream of pyroptosis. In company with the pyroptosis iconic genes
like CASP3, CASP4, GSDMB, high expression of IL18 may present that there is an enormous amount of pyroptosis in
PAAD. The significant role of IL18 is inducing INF-γ production and mediating Th1, Th2 response.32 The function of
IL18 in mediating immune system makes it to be a double edge sword in tumorigenesis. IL18 has anti-tumor effect and it
also can promote tumorigenesis by influencing angiogenesis, metastasis.33 There have been many studies investigating
the correlation of IL18 with pancreatic carcinoma prognosis. Guo et al indicated that higher IL18 in pancreatic carcinoma
tissues is associated with shorter overall survival while elevated serum level of IL18 is connected to longer survival.34

But another study demonstrated that elevated serum level of IL18 is connected to poor survival of pancreatic carcinoma
patients.35 The role of IL18 in pancreatic carcinoma seems to be controversial and needs to be further explored. IL-18BP
is a high-affinity IL-18 decoy receptor which is highly expressed in diverse tumors and the combination of IL-18 and
IL18BP decreases activity of IL-18.36 Carbone et al study suggested that despite elevated concentration of IL-18BP and
IL-18, elevation of free IL-18 in serum of pancreatic carcinoma patients is associated with poor survival.37 In our
analysis results, high expression of IL18 makes contribution to shorter survival of PAAD patients. As mentioned above,
we hypothesize that IL18 releasing by activation of pyroptosis is far more than IL-18BP and the free IL18 make
progression of PAAD.

The different kind cells and extracellular matrix surrounding cancer cells are defined as tumor microenvironment.
Tumor microenvironment is a revolutionary concept in cognition of tumorigenesis of cancer for realizing the important
interaction between tumor cells and the microenvironment around them. So changing the status of tumor microenviron-
ment can influence therapeutic efficacy significantly.38 Pyroptosis could releases various inflammatory cytokines main-
taining inflammation and it has shown to be a two-side sword in tumor microenvironment dependent on the context,
timing, and response degree.39 Our results showed that high expression of pyroptosis related DEGs have an effect on
immune cells infiltration which indicated that pyroptosis related DEGs are associated with tumor microenvironment in
PAAD. Meanwhile, immunotherapy treatment efficacy is limited in pancreatic cancer because of the functional and
structural barrier imposed by the stroma components.40 So bodies of cell death induced by pyroptosis may contribute to
the structural barrier in the tumor microenvironment.
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Conclusion
Pyroptosis-related DEGs have an obvious prognostic value in PAAD and have an effect on immune cell infiltration in
tumor microenvironment. Especially, IL18 and GABARAP could be the most valuable genes of these pyroptosis-related
DEGs, for they have association with OS, DFS and pathological stage at the same time. GABARAP and IL18 could be
new valuable targets of PAAD research in next step. The limitation of our study is that we only carry out bioinformatics
analysis but without further exploration of mechanism of pyroptosis-related DEGs in PAAD for lacking of laboratory
supporting.
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