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ABSTRACT

Background: The heterogeneity of colorectal cancer (CRC) is the main cause of the
disparity of drug sensitivity and the variability of prognosis. Pyroptosis is closely
associated with the development and prognosis of various tumors, including CRC.
Dividing CRC into distinct subgroups based on pyroptosis is a worthwhile topic for
improving the precision treatment and prognosis prediction of CRC.

Methods: We classified patients into two clusters using the consensus clustering
based on the pyroptosis-related genes (PRGs). Next, the prognostic signature was
developed with LASSO regression analysis using the screened genes from
differentially expressed genes (DEGs) by univariate and multivariate Cox analyses.
According to the pyroptosis-related score (PR score) calculated with the signature,
patients belonged to two groups with distinct prognosis. Moreover, we assessed the
immune profile to explore the relationship between the signature and immunological
characteristics. Two single cell sequencing databases were adopted for further
exploration of tumor immune microenvironment (TME). In addition, we applied our
own cohort and Drugbank to explore the correlation of the signature and clinical
therapies. We also studied the expression of key genes by immunohistochemistry.
Results: The signature performed well in predicting the prognosis of CRC as the high
area under curve (AUC) value demonstrated. Patients with a higher PR score had
poorer prognosis and higher expression of immune checkpoints but more abundant
infiltration of immune cells. Combining with the indicator of therapeutic analysis,
they might benefit more from immune checkpoint blockade (ICB) and neo-adjuvant
chemoradiotherapy (nCRT).

Conclusion: In conclusion, our study is based on genomics and transcriptomics to
investigate the role of PRGs in CRC. We have established a prognostic signature and
integrated single-cell data to study the relationship between the signature with the
TME in CRC. Its clinical application in reliable prediction of prognosis and
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personalized treatment was validated by public and own sequencing cohort.
It provided a new insight for the personalized treatment of CRC.

Subjects Bioinformatics, Molecular Biology, Oncology
Keywords Pyroptosis, Colorectal cancer, Prognosis, Immunological characteristics, personalized
treatment

INTRODUCTION

Colorectal cancer (CRC) is a type of cancer that is a significant cause of morbidity and
mortality. According to the American Society of Clinical Oncology, the global morbidity of
CRC is rising in people under 65 years of age. Although its overall morbidity has declined
due to widespread screening, it is estimated that the deaths caused by CRC will be the third
most common in 2021 (Siegel et al., 2021). Despite the improvements in the treatment, the
5-year survival rate for metastatic CRC is approximately 14% (Smith et al., 2019).

Pyroptosis, distinct from other programmed cell death, involves the activation of
gasdermin (GSDM) family proteins as the effector molecules. Activated GSDMs
translocate to the cell membrane, leading to the membrane pores. The resulting osmotic
disparities between the intracellular and extracellular environments cause continuous
cellular swelling, culminating in cell rupture and death, accompanied by the release of
intracellular contents and initiation of inflammatory responses (Galluzzi et al., 2018).

In the classical pyroptosis pathway, inflammasomes recruit and activate Caspase-1, which
cleaves the N-terminal of GSDMD, enabling its binding to the membrane and facilitating
pore formation. Caspase-1 also cleaves pro-inflammatory cytokines IL-1f and IL-18,
promoting their maturation and release (Yu et al., 2021). As researchers’ last interest in
pyroptosis, several non-classical pyroptotic pathways have been discovered, such as those
dependent on caspase-4, caspase-5/11 (Shi et al., 2014; Ding ¢ Shao, 2017; Yi, 2017), and
the induction pathway mediated by Granzyme A, a protease secreted by cytotoxic
lymphocytes that cleaves GSDMB (Zhou et al., 2020). Recent studies have also revealed the
association between the tumor immune microenvironment (TME) and neoadjuvant
chemoradiotherapy (Chatila et al., 2022; Wen et al., 2022).

The intricate association between tumorigenesis and chronic inflammation has been
well-established (Chang ¢ Yang, 2016). The induction of pyroptosis contributes to
heightened inflammatory infiltration, creating a microenvironment conducive to tumor
initiation and metastasis (Balkwill ¢~ Mantovani, 2001). In recent years, pyroptosis has
garnered extensive attention in cancer research (Wu et al., 2021; Fang et al., 2020).

The elevated expression of members of the GSDM family in tumor tissues has been found
to correlate with aggressive tumor behavior and unfavorable prognosis in various
malignancies (Sun et al., 2022; Gao et al., 2018; He et al., 2021). However, it is noteworthy
that pyroptosisis is a dual-edged sword, as it also exhibits anticancer effect (Chen et al,
2015). It also has a profound influence on immune cell infiltration within the tumor
microenvironment (TME), and identifying the role of pyroptosis in tumor immunity has
been fruitful. A study revealed that GSDM-mediated pyroptosis could enhance the
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antitumor immunity through a cytotoxic lymphocyte-killing mechanism (Zhou et al.,
2020). A small proportion of cells undergoing pyroptosis can efficiently regulate the tumor
immune microenvironment and facilitate an antitumor immune response (Wang et al.,
2020; Wang et al., 2017). GSDME-mediated pyroptosis triggers the release of HMGBI,
which in turn activates the ERK1/2 pathway, effectively promoting the polarization of M2
macrophages of CRC (Tan et al., 2020; Mu et al., 2018). Notably, the synergistic
administration of BRAF inhibitors and MEK inhibitors facilitates the recruitment of
dendritic cells and activated T cells, accomplished through the heightened cleavage of
GSDME and subsequent release of HMGB1 (Erkes et al., 2020). GSDME-mediated
pyroptosis leads to an augmented infiltration of natural killer (NK) cells and CD8+ T
lymphocytes and induces phagocytosis by tumor-associated macrophages, further
contributing to the anti-tumor response (Chao et al., 2008). Recent studies have also
revealed the association between the tumor immune microenvironment (TME) and
neoadjuvant chemoradiotherapy (nCRT) (Chatila et al., 2022; Wen et al., 2022). However,
there is a lack of exploration regarding the relationship between pyroptosis and nCRT.The
exploration of pyroptosis in CRC has provided initial insights, yet the underlying
mechanisms remain elusive, with a dearth of comprehensive profiling. The expression of
GSDMD, a marker of pyroptosis, is significantly downregulated in human CRC tissues,
and its expression negatively correlates with the prognosis of CRC (Wu et al., 2021; Fang
et al., 2020). The expression of NALP1, a pyroptosis inducer, is lower in tumor tissues than
in paratumoral tissues (peritumoral and adjacent healthy tissues) and is linked to tumor
metastasis and survival of CRC. DAC (5-aza-2-deoxycytidine) hinders the growth of CRC
and increases the lifespan by restoring NALP1 levels (Chen et al., 2015). While Li et al.
(2022) constructed a pyroptosis-related prognostic model with bioinformatics analysis, the
relatively low AUC value of the model indicated that its predictive performance was
unsatisfactory. The pyroptosis-related robust signature we developed in this study provides
a novel perspective on the identification the prognosis of CRC. The signature facilitates to
assess the feasibility of immunotherapy and the sensitivity of chemotherapy in
personalized CRC management.

MATERIALS AND METHODS

The flowchart was of this study was presented in Fig. 1.

Dataset collection and pre-processing

RNA sequencing (RNA-seq) data (count values) and simple nucleotide variation in
patients with CRC and the relevant clinical characteristics were obtained from TCGA
dataset (https://portal.gdc.cancer.gov). The transcriptomic data of healthy colon tissues
were retrieved from the GTEx database (http://xena.ucsc.edu/). To enable comparison
with the GTEx dataset, we normalized the count values from both datasets using log2 (X +
1) transformation. For the accuracy of the functional analysis, we transformed the count
value to tpm (transcripts per million) in the subsequent analyses. We excluded the cases
lacking the survival information and cases with vague survival information. The somatic
mutation data of patients with CRC was used to analyze the mutation profiles using the
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“maftools” package. MSI data were acquired from the cBioPortal website (https://www.
cbioportal.org/).

The GSE39582 dataset from GEO (http://www.ncbi.nlm.nih.gov/geo) was chose as the
external validation cohort. The samples in the validation set have survival information and
their tumor stages are similar to those in the training set (Table S1). The single-cell
transcriptomic datasets GSE14677, GSE13639 were acquired from the Tumor Immune
Single-cell Hub (TISCH).
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The Institutional Review Boards of Zhejiang Cancer Hospital granted approval (No.
IRB-2021-291) for this study, which was conducted in accordance with the ethical
guidelines outlined in the Declaration of Helsinki. A total of 35 patients’ tissues of rectal
cancer and their clinical infromation were collected from Zhejiang Cancer Hospital.

All participants signed informed consent according to the Institutional Review Boards of
Zhejiang Cancer Hospital. All tissue were stored at —80 °C once dissected from patients
until sequencing. Total RNA was extracted from the CRC tissues. After assessing the
quality and integrity of the RN, the enriched mRNA was fragmented into small pieces and
used as a template for cDONA synthesis with random primers. The second-strand cDNA
was synthesized, followed by end repair, A-tailing, and adapter ligation. The ligated
products were amplified by PCR to construct the cDNA libraries. The libraries were
quantified using qPCR and sequenced on an Illumina HiSeq platform. The read counts for
each gene were obtained using HTSeq (Illumina Corporation, Foster City, CA, USA).

Classification of patients based on pyroptosis patterns

Thirty-three PRGs were extracted from prior studies (Duan et al., 2016) are shown in
Table S1. On the basis of PRGs, we implemented consensus clustering to identify distinct
PR patterns using the k-means method. We performed it with the “ConsensuClusterPlus”
package and set the parameter “repetition” as 1,000 for stability (Wilkerson ¢» Hayes,
2010).

Functional enrichment analysis of the DEGs

We adopted the “DESeq” package to identify DEGs between different PR patterns, setting
the significance criteria for differential expression at P < 0.05 and an absolute Log2 fold
change (FC) >1. We applied the “clusterProfiler” package (Yu et al., 2012) for functional
enrichment analysis of DEGs. We retrieved immune-related genes from the Gene
Ontology database (http://geneontology.org/) and performed ssGSEA to assess differences
between clusters in immune-related pathways. The hallmarker genesets were obtained
from the Molecular Signatures Database (MSigDB) (https://www.gsea-msigdb.org/gsea/
msigdb/index.jsp) for Gene Set Variation Analysis (GSVA).

Establishment of the pyroptosis-related prognostic model

To evaluate the survival significance of the DEGs, we utilized univariate and multivariate
Cox regression analyses. Thirty-four genes (P < 0.05) were selected for the next analysis.
To screen optimal genes, the ‘glmnet’ package was applied to carry out the LASSO Cox
regression analysis (Duan et al., 2016). Then, we used the ten selected genes and their
corresponding coefficients to construct a prognostic signature. The score based on the
pyroptosis signature was calculated using the subsequent equation: PR score = 0.112
XExprecrr; + 0.252XExpryynTis + 0.130XEXprorixs + 0.070XExpr zpa1r — 0.005XExpri6
+ 0.103xExprprps + 0.044XExpraapriz + 0.220XExprogrsips + 0.004xExprprssz; +
0.004xExpryaceas where Expr; is the gene expression level. Utilizing the median risk
score as a threshold, we categorized patients into the high-score group and low-score
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group. The interaction network was mapped using Cytoscape (version 3.8.0) (Shannon
et al., 2003).

Assessment of the immunological characteristics

We evaluated the immunological profile of CRC patients, including inhibitory immune
checkpoints, cancer immunity cycle activity, and immune cells infiltration. The genes
regulating the clinical response to ICBs are characterized from 20 solid cancers and
established The Cancer Immunome Atlas (TCIA) (Auslander et al., 2018).

Comprising seven steps, the cancer immunity cycle reflects the intricate interplay
between the processing of neoantigens and the prevention of autoimmunity (Chen ¢
Mellman, 2013). To present TIICs precisely, we assessed the infiltration status by applying
several independent algorithms comprehensively, including CIBERSORT, TIP, and xCell
(Chen & Mellman, 2013; Aran, Hu & Butte, 2017). In addition, we performed single-cell
analysis to explore the correlation of key genes and TME with TISCH (Sun et al., 2021).

Analysis of chemotherapy drugs and nomogram construction
DrugBank is a publicly available database that integrates bioinformatics and medicinal
chemistry to provide information on drugs and their targets (Uhlén et al., 2015).

For applying the signature in clinical settings, we used the key genes of the signature to
construct the nomogram using ‘rms’, ‘nomogramEx’, and ‘regplot’ packages.

The levels of key proteins in clinical specimens

The Human Protein Atlas (HPA, version: 18.1) (https://www.proteinatlas.org/) aims to
provide a public platform for researchers to explore the gene expression landscape of
24,000 human proteins (Uhlen et al., 2017). We explored the the protein expression of key
genes applying the HPA database.

Statistical analysis
Correlation coefficients were calculated using Pearson chi-square test.

We used the Kaplan-Meier method from the “survival” package to generate
survival curves of which statistical significance was estimated with log-rank tests.
The time-dependent ROC curves with AUC values were created using “pROC” and the
“time ROTC” packages. The Wilcoxon test and Kruskal-Wallis test were utilized to
examine the differences between two groups and multiple groups, respectively.
All statistical analyzes were performed with R (R Core Team, 2023). The statistical
threshold for significance was P < 0.05.

RESULTS
Expression of PRGs in CRC

The expression of 33 PRGs were compared between the tumor and normal tissues after
pre-processing the data from TCGA and GTEx. The results demonstrated that the
disparities in the expression of 27 PRGs were significant (Fig. 2A). To explore the mutation
profiles of PRGs in CRC, we analyzed somatic mutation data using the VarScan2
Annotation. The mutation information of the PRGs showed that 114 patients had
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pyroptosis-related regulator mutations (Fig. 2B). The gene with the highest frequency of
mutations was NLRP7, and the mutation rate of the five genes was up to 5%. C-T was the
predominant single-nucleotide variation in CRC (Fig. 2C). The high proportion of
differentially expressed PRGs and the mutation profile implied that pyroptosis played a
vital role in CRC.

Identification of a classification pattern mediated by PRGs in CRC
We performed a consensus clustering analysis of CRC patients based on PRGs in TCGA
cohort. The results showed that two different regulation patterns were identified, including
106 cases in cluster 1 (C1) and 318 cases in cluster 2 (C2) (Fig. 3A). To explore the
biological differences between the two pyroptosis-related clusters, we performed a series of
analyzes. First, the differential analysis was performed to identify 489 DEGs.
The differential expression of DEGs was visualized using a volcano plot (Fig. 3B).
Enrichment analyses for GO and KEGG demonstrated that the DEGs were enriched in
hydrogen peroxide metabolism, spliceosome snRNP complex, and channel activity
(Fig. 3C). To profile the characteristics of the two clusters, we performed GSVA analysis
using the hallmark genesets. The analysis revealed significant differences in various
aspects, including metabolism, stress response, and immune between the two clusters.
For instance, disparities were observed in pathways such as glucose metabolism, reactive
oxygen species pathway, and the complement system (Fig. 3D and Fig. S1A). Considering
the association of pyroptosis and immunity, we used GSEA with the annotation of the
immune system (GO:0002376) to investigate the differences in the immunity of the two
pyroptosis-related clusters. The enrichment of various pathways presented significant
differences, including natural killer cell activation, T cell-mediated immunity, antigen
processing and presentation, efc., (Fig. 3E and Fig. S1B).

Construction and verification of the pyroptosis-related prognostic
signhature

Using the differences in the two pyroptosis-related patterns, we built a prognostic model
and validated its stability and veracity as follows. First, DEGs were screened using the
univariate and multivariate Cox regression analyses for prognostic prediction. Next, we
narrowed down the candidate genes by applying the LASSO Cox regression model with a
minimum penalty parameter (\) (Fig. 4A). Ultimately, we obtained 10 key genes with
which we developed a pyroptosis-related prognostic model. With this signature, each
patient could obtain a corresponding score named the pyroptosis-related (PR) score.
We then performed multivariate Cox analysis on key genes to reveal their impact on
prognosis. (Fig. S1). In Fig. 4B, we presented the interaction network between key genes,
which was constructed based on gene co-expression patterns.

To assess the prognostic value of PR score, univariate and multivariate Cox regression
analyses were performed between it and clinical characteristics. The hazard ratio (HR) of
PR score was 2.49 (95% CI [1.958-3.16]; P < 0.001), indicating that PR score could serve as
an independent prognostic factor in CRC (Fig. 4C).
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dot size are positively with correlation and hazard ration, respectively. (C) Forest plot of multivariate Cox regression analysis between PR score and
clinical characteristics. **P < 0.01; ***P < 0.001.
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Figure 5 The discriminatory ability estimation of the signature in training and validation cohort, respectively. (A and D) Distribution of
patients and key genes based on the risk score. (B and E) Kaplan-Meier curves of patients in the high- and low-score groups. (C and F) The
time-dependent ROC analysis of the PR score. Abbreviations: AUC, area under the curve; ROC: receiver operating characteristic.
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With an increase in the PR score, the survival status of patients and expression of key

genes exhibited significant differences. (Fig. 5A). We performed Kaplan-Meier and

time-receiver operating characteristic curves (ROC) analyses to assess the discriminatory

performance of the prognostic signature. The analysis suggested that patients in the
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high-score group had worse prognosis (P < 0.001) (Fig. 5B). The AUC for 1-, 2-, and 3-year
in the ROC curve analysis was 0.72, 0.75, and 0.72, respectively, indicating excellent
discriminatory ability of the prognostic signature (Fig. 5C). We validated the signature by
applying it to GSE39582 dataset and performing Kaplan-Meier and time-ROC analyses.
The results verified the robustness of the signature (Figs. 5D-5F).

Tumor immunity-associated characteristics

GSEA of the DEGs revealed the differences in the enrichment of multiple immune-related
pathways. To explore the utility of the signature in the tumor immune microenvironment,
we performed several analyses to evaluate the relationship between the PR score and the
characteristics of tumor immunity.

We conducted Pearson correlation analysis to investigate the correlation of the PR score
and the immune checkpoints. As presented in Fig. 6A, PR score was closely associated with
various immune checkpoints, including PD1, PD-L1, and CTLA4, which is valuable in
immunotherapy. Additionally, our study suggested that PR score may serve as an indicator
of cancer immunogenicity in CRC, as demonstrated by the higher microsatellite instability
(MSI) scores in the high-score group based on the results of Wilcoxon analysis (Fig. 6B).
The above results indicated the role of PR score in immunotherapy. We combined the data
of TCIA to analyze the correlation between PR scores and immune cells. The infiltration of
multiple immune cells, including B cells, several subtypes of T cells, macrophage M2,
neutrophils, and regulatory T cells (Treg) cells, was found to be significantly different
between the two groups (Fig. 6C). Moreover, the abundance of B cells, CD8 T cells,
dendritic cells, M2 macrophages, and neutrophils were strongly related to the PR score
(Fig. S2). The immunity cycle sorts the process of antitumor immunity into seven steps,
composed of 23 processes. Activities of multiple processes in the cycle were changed,
including the priming and activation (Step 3) and infiltration of immune cells to tumors
(Step 4) (CD8 T, CD4 T, macrophage, Th2, NK, and Treg cell recruitment) (Fig. S3).
By further analyzing the correlation, we found that the PR score was related to the
recruitment of various immune cells (Fig. 6D).

To assess the infiltration of TIICs with different algorithms for verification, we
downloaded the data of immune cells from xCell based on the ssGSEA algorithm to
investigate the variation as the PR score changes. The heatmap showed that the infiltration
of multiple above-mentioned immune cells was associated with the PR score, which is
consistent with the findings from TCIA. (Fig. 6E). The Sankey diagram suggested good
coherence between the PR score and immune score, matrix score, and microenvironment
score (Fig. 6F).

Single-cell analysis for the key genes of the signature

We screened two scRNA-seq atlases of CRC from TISCH database to explore the
immunological characteristics of the signature. The 10 samples of GSE14677 are tumor
tissues from patients without therapy. And the five samples of GSE13639 are tumor tissues
from patients who accepted adoptive cell therapy. The percentage of CD4Tconv cells was
the biggest in untreated patients and the number of CD8Tcm cells was predominated in
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patients after immunotherapy (Figs. 7A-7D). To analysis the association of the signature
and immune cells, we analysed the expression of genes with positive coefficient in cell
clusters. The intense expression of these genes in B cells indicated positive relevance
between PR score and the infiltration of B cell (Fig. 7E). That was consistent with the
results of TCIA and xCell (Figs. 6C and 6E). By contrast, the expression of these genes
presented different distribution features in GSE13639. The level of these genes was highest
in CD8Tcm cells (Fig. 7F). The difference should be caused by adoptive cell therapy and it
indicated the interaction between immunotherapy and PR score.
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Potential clinical application of the signature

Given the role of pyroptosis in oncotherapy, we extracted the target genes in CRC from the
Drugbank database and studied the association between the PR score and the target genes.
Figure 8A showed the differences in the expression of many genes targeted by drugs, such
as oxaliplatin, irinotecan, bevacizumab, nivolumab, and ipilimumab, suggesting different
responses for two groups to chemotherapy, molecular targeted therapy, and
immunotherapy.

Neo-adjuvant therapy (nCRT) palyed an irreplaceable role for CRC patients,
particularly rectal cancer. For the exploration of nCRT with the signature, we analysis the
the response of nCRT and the PR score. The result indicated that patients with higher PR
scores were more likely to be sensitive to nCRT, while those with low scores were more
likely to be resistant (Fig. 8B). The further analysis of score and the response of nCRT
revealed that score of patients resistant to nCRT was significantly lower than the
counterparts (Fig. 8C, P < 0.05). The evaluation of immune cells with xCell was consistant
with the training set, namely, patients belonged to the high-score group had better
infiltration of immune cells (Figs. 8D-8F).

Because of the value of the PR score in predicting the prognosis, we generated a
nomograph featuring 10 key genes for the clinical management of patients with CRC
(Fig. 8G). It would help clinical doctors in making personalized treatment efficient.

The protein expression of key genes in human tissue

To validate the reliability of the prognostic signature at protein level, we investigated the
expression of most key genes in human tissue samples with HPA database except for
WNT16, DRD4 and MAGEA3, which were unavailable. As shown in Fig. 9, the protein
expression of FCRL1, GRIK2, MAPK12, and OR51B5 showed differential level between
normal colon tissue and tumor tissue (Fig. 9).

DISCUSSION

As a new type of non-apoptotic programmed cell death, pyroptosis has been extensively
studied in recent years, revealing its potential as an anti-tumor mechanism in various
cancers (Johnson et al., 2018; Williams et al., 2015). Although there have been several
studies that have explored the relationship between pyroptosis and CRC (Ning et al., 2023;
Hu et al., 2022; Li et al., 2022; Chen et al., 2022; Wei et al., 2021; Zhuang et al., 2021; Tan
et al., 2020; Derangere et al., 2014). Our research employs a comprehensive approach.
We have utilized genomics, transcriptomics, single-cell data, and our own sequencing data
of nCRT. Furthermore, we have validated our findings using external datasets. This
multifaceted approach allowed us not only to construct a robust prognostic model but also
to delve into relevant biological features. However, its influence on the prognosis of CRC
needs more exploration to elucidate. In this article, we studied the prognostic value of
pyroptosis in CRC and constructed a well-performed and robust prognostic signature.
Further exploration demonstrated its correlation with immunological characteristics.
Additionally, leveraging our sequencing dataset, we conducted an in-depth analysis that
uncovered the predictive value of pyroptosis in the context of nCRT sensitivity.
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Cancer immunotherapy, focusing on the potent cytotoxicity of immune cells, has
emerged as a compelling frontier in the field of oncology, owing to its distinctive
mechanism and commendable clinical efficacy (Cable et al., 2021). ICBs were approved by
the FDA in 2017 for CRC patients with mismatch-repair-deficient and high microsatellite
instability score (AIMMR-MSI-H) (Ganesh et al., 2019). However, a substantial challenge
persists as patients with proficient mismatch repair, microsatellite stability, or low levels of
microsatellite instability (pMMR-MSI-L) derive minimal therapeutic benefit from
immunotherapy interventions (Overman et al., 2017). Therefore, there exists an urgent
need to enhance the precision of prognostic assessment and expand the eligible
subpopulation that can obtain the rewards of ICBs. Our analyses demonstrated the positive
correlation between PR score and MSI score, which indicated the value of PR score on
improving the accuracy of immunotherapy.

Given the intrinsic resistance of tumor cells to apoptosis, pyroptosis emerges as an
alternative mechanism for anti-cancer therapy (Wang, Liu ¢ Zhao, 2019; Huang et al.,
2018). There is an investigation recently demonstrated that pyroptosis enhances the
antitumor activity of immune checkpoint inhibitors (ICIs), even in ICB-resistant tumors
(Tang et al., 2020). The analyses we conducted to explore the immunity-associated
characteristics showed that the PR score is correlated with TIICs and immune checkpoints.
The correlation between PR score and the expression of PD1 and CTLA4, the most known
inhibitory immune checkpoints, were statistically significance. It reminded us of the
potential of PR score to be predictor of ICBs. Wang et al. (2020) recently found that only
15% of tumor cells undergoing pyroptosis could lead to the death of the tumor graft.
Another study found that pyroptosis facilitated the infiltration of CD8" T cells and NK
cells, synergizing the efficiency of ICBs. Consistent with this, our signature showed that the
PR score was positively related to the infiltration of CD8" T cells and NK cells and the
expression of immune checkpoints, revealing that patients with higher scores may be more
responsive to ICBs. This may be due to the higher abundance of immune cells in patients
with high PR scores. However, the simultaneous higher expression of immune checkpoint
inhibitors (ICIs) in these patients significantly suppresses the immune surveillance and
cytotoxic functions of anti-tumor immune cells (Pardoll, 2012), consequently promoting
accelerated tumor progression. This may be one of the main reasons for the poor prognosis
in these patients. If immune checkpoint blockade (ICB) therapy is administered to these
patients with high expression of ICIs, it is expected to alleviate the inhibition of immune
cells to a greater extent, potentially aquiring a better anti-tumor immune response.

The abundant infiltration of immune cells but higher expression of ICBs might be the
cause of poor prognosis of patients with higher PR scores. Administrating ICBs to alleviate
immunosuppression might bring these patients unexpected benefits.

Pyroptosis has a strong association with chemotherapy, although the mechanism
remains unclear. Pyroptosis induced by paclitaxel and cisplatin, the classic
chemotherapeutic drugs, inhibits tumor cell proliferation and metastasis (Zhang et al.,
2019). The transition from apoptosis to pyroptosis could be induced by chemotherapeutic
drugs, such as mitoxantrone, cisplatin, and etoposide (Guo et al., 2021; Yu et al., 2019;
Wang et al., 2017). The analysis of the target genes of classic drugs of CRC showed

Jiang et al. (2023), Peerd, DOI 10.7717/peerj.16631 18/25


http://dx.doi.org/10.7717/peerj.16631
https://peerj.com/

Peer/

differential expression as the PR score increased, indicating the disparity of responses to
classic therapies. The differences of response rate of nCRT in our sequencing set revealed
the value of the signature on cilinical application.

CONCLUSIONS

In conclusion, this study provides a better understanding of pyroptosis in CRC, and we
developed a reliable prognostic signature based on the PRGs. Subsequent bioinformatic
analyses demonstrated the association of this signature with immunotherapy,
chemotherapy, and targeted molecular therapy. The signature is of value for prognostic
prediction and effective personalized treatment of patients with CRC. Whereas, a
multicenter clinical trial with a larger sample size is required for further validation.

ACKNOWLEDGEMENTS

We thank the Genotype-Tissue Expression (GTEx), The Cancer Genome Atlas (TCGA)
Database, Gene Expression Omnibus (GEO) Database and the Human Protein Atlas
(HPA) for sharing the data.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by Key R&D Program of Zhejiang province (No. 2022C03015).
The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Key R&D Program of Zhejiang province: No. 2022C03015.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Peicheng Jiang conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

e Jin Fan analyzed the data, authored or reviewed drafts of the article, and approved the
final draft.

o Shenglin Huang analyzed the data, authored or reviewed drafts of the article, and
approved the final draft.

e Luying Liu performed the experiments, prepared figures and/or tables, and approved the
final draft.

e Minghua Bai performed the experiments, prepared figures and/or tables, and approved
the final draft.

Jiang et al. (2023), PeerdJ, DOI 10.7717/peerj.16631 19/25


http://dx.doi.org/10.7717/peerj.16631
https://peerj.com/

Peer/

e Quanquan Sun performed the experiments, prepared figures and/or tables, and
approved the final draft.

e Jinwen Shen performed the experiments, prepared figures and/or tables, and approved
the final draft.

e Na Zhang performed the experiments, prepared figures and/or tables, and approved the
final draft.

e Dong Liu performed the experiments, prepared figures and/or tables, and approved the
final draft.

e Ning Zhou performed the experiments, prepared figures and/or tables, and approved the
final draft.

e Yanru Feng performed the experiments, prepared figures and/or tables, and approved
the final draft.

e Jin Jiang performed the experiments, analyzed the data, authored or reviewed drafts of
the article, and approved the final draft.

e Ji Zhu conceived and designed the experiments, analyzed the data, authored or reviewed
drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

This study was approved by the Institutional Review Boards of Fudan University
Shanghai Cancer Center (FUSCC; IRB-2021-291).

Data Availability
The following information was supplied regarding data availability:
The raw data are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.16631#supplemental-information.

REFERENCES

Aran D, Hu Z, Butte AJ. 2017. xCell: digitally portraying the tissue cellular heterogeneity
landscape. Genome Biology 18(1):220 DOI 10.1186/s13059-017-1349-1.

Auslander N, Zhang G, Lee JS, Frederick DT, Miao B, Moll T, Tian T, Wei Z, Madan S,
Sullivan RJ, Boland G, Flaherty K, Herlyn M, Ruppin E. 2018. Robust prediction of response
to immune checkpoint blockade therapy in metastatic melanoma. Nature Medicine
24(10):1545-1549 DOI 10.1038/s41591-018-0157-9.

Balkwill F, Mantovani A. 2001. Inflammation and cancer: back to Virchow? Lancet
357(9255):539-545 DOI 10.1016/50140-6736(00)04046-0.

Cable J, Greenbaum B, Pe’Er D, Bollard CM, Bruni S, Griffin ME, Allison JP, Wu CJ,
Subudhi SK, Mardis ER, Brentjens R, Sosman JA, Cemerski S, Zavitsanou AM, Proia T,
Egeblad M, Nolan G, Goswami S, Spranger S, Mackall CL. 2021. Frontiers in cancer
immunotherapy-a symposium report. Annals of the New York Academy of Sciences
1489(1):30-47 DOI 10.1111/nyas.14526.

Jiang et al. (2023), Peerd, DOI 10.7717/peerj.16631 20/25


http://dx.doi.org/10.7717/peerj.16631#supplemental-information
http://dx.doi.org/10.7717/peerj.16631#supplemental-information
http://dx.doi.org/10.7717/peerj.16631#supplemental-information
http://dx.doi.org/10.1186/s13059-017-1349-1
http://dx.doi.org/10.1038/s41591-018-0157-9
http://dx.doi.org/10.1016/S0140-6736(00)04046-0
http://dx.doi.org/10.1111/nyas.14526
http://dx.doi.org/10.7717/peerj.16631
https://peerj.com/

Peer/

Chang SC, Yang WV. 2016. Hyperglycemia, tumorigenesis, and chronic inflammation. Critical
Reviews in Oncology Hematology 108(10):146-153 DOI 10.1016/j.critrevonc.2016.11.003.

Chao DL, Sanchez CA, Galipeau PC, Blount PL, Paulson TG, Cowan DS, Ayub K, Odze RD,
Rabinovitch PS, Reid BJ. 2008. Cell proliferation, cell cycle abnormalities, and cancer outcome
in patients with Barrett’s esophagus: a long-term prospective study. Clinical Cancer Research
14(21):6988-6995 DOI 10.1158/1078-0432.CCR-07-5063.

Chatila WK, Kim JK, Walch H, Marco MR, Chen CT, Wu F. 2022. Genomic and transcriptomic
determinants of response to neoadjuvant therapy in rectal cancer. Nature Medicine
28(8):1646-1655 DOI 10.1038/s41591-022-01930-2.

Chen Z, Han Z, Nan H, Fan J, Zhan J, Zhang Y, Zhu H, Cao Y, Shen X, Xue X, Lin K. 2022. A
novel pyroptosis-related gene signature for predicting the prognosis and the associated immune
infiltration in colon adenocarcinoma. Frontiers in Oncology 12:904464
DOI 10.3389/fonc.2022.904464.

Chen DS, Mellman I. 2013. Oncology meets immunology: the cancer-immunity cycle. Immunity
39(1):1-10 DOI 10.1016/j.immuni.2013.07.012.

Chen C, Wang B, Sun J, Na H, Chen Z, Zhu Z, Yan L, Ren S, Zuo Y. 2015. DAC can restore
expression of NALP1 to suppress tumor growth in colon cancer. Cell Death ¢ Disease
6(1):e1602 DOI 10.1038/cddis.2014.532.

Derangeére V, Chevriaux A, Courtaut F, Bruchard M, Berger H, Chalmin F, Causse SZ,
Limagne E, Végran F, Ladoire S, Simon B, Boireau W, Hichami A, Apetoh L, Mignot G,
Ghiringhelli F, Rébé C. 2014. Liver X receptor B activation induces pyroptosis of human and
murine colon cancer cells. Cell Death and Differentiation 21(12):1914-1924
DOI 10.1038/cdd.2014.117.

Ding J, Shao F. 2017. SnapShot: the noncanonical inflammasome. Cell 168(3):544-544.el
DOI 10.1016/j.cell.2017.01.008.

Duan J, Soussen C, Brie D, Idier J, Wan M, Wang YP. 2016. Generalized LASSO with
under-determined regularization matrices. Signal Processing 127(1):239-246
DOI 10.1016/j.sigpro.2016.03.001.

Erkes DA, Cai W, Sanchez IM, Purwin TJ, Rogers C, Field CO, Berger AC, Hartsough EJ,
Rodeck U, Alnemri ES, Aplin AE. 2020. Mutant BRAF and MEK inhibitors regulate the tumor
immune microenvironment via pyroptosis. Cancer Discovery 10(2):254-269
DOI 10.1158/2159-8290.CD-19-0672.

Fang Y, Tian S, Pan Y, Li W, Wang Q, Tang Y, Yu T, Wu X, Shi Y, Ma P, Shu Y. 2020.
Pyroptosis: a new frontier in cancer. Biomedicine ¢ Pharmacotherapy 121(2):109595
DOI 10.1016/j.biopha.2019.109595.

Galluzzi L, Vitale I, Aaronson SA, Abrams JM, Adam D, Agostinis P, Alnemri ES, Altucci L,
Amelio I, Andrews DW, Annicchiarico-Petruzzelli M, Antonov AV, Arama E,

Baehrecke EH, Barlev NA, Bazan NG, Bernassola F, Bertrand M, Bianchi K,
Blagosklonny MV, Blomgren K, Borner C, Boya P, Brenner C, Campanella M, Candi E,
Carmona-Gutierrez D, Cecconi F, Chan FK, Chandel NS, Cheng EH, Chipuk JE,
Cidlowski JA, Ciechanover A, Cohen GM, Conrad M, Cubillos-Ruiz JR, Czabotar PE,
D’Angiolella V, Dawson TM, Dawson VL, De Laurenzi V, De Maria R, Debatin KM,
DeBerardinis R], Deshmukh M, Di Daniele N, Di Virgilio F, Dixit VM, Dixon SJ,
Duckett CS, Dynlacht BD, El-Deiry WS, Elrod JW, Fimia GM, Fulda S, Garcia-Saez AJ,
Garg AD, Garrido C, Gavathiotis E, Golstein P, Gottlieb E, Green DR, Greene LA,
Gronemeyer H, Gross A, Hajnoczky G, Hardwick JM, Harris IS, Hengartner MO, Hetz C,
Ichijo H, Jost PJ, Juin PP, Kaiser W], Karin M, Kaufmann T, Kepp O, Kimchi A, Kitsis RN,

Jiang et al. (2023), PeerdJ, DOI 10.7717/peerj.16631 21/25


http://dx.doi.org/10.1016/j.critrevonc.2016.11.003
http://dx.doi.org/10.1158/1078-0432.CCR-07-5063
http://dx.doi.org/10.1038/s41591-022-01930-z
http://dx.doi.org/10.3389/fonc.2022.904464
http://dx.doi.org/10.1016/j.immuni.2013.07.012
http://dx.doi.org/10.1038/cddis.2014.532
http://dx.doi.org/10.1038/cdd.2014.117
http://dx.doi.org/10.1016/j.cell.2017.01.008
http://dx.doi.org/10.1016/j.sigpro.2016.03.001
http://dx.doi.org/10.1158/2159-8290.CD-19-0672
http://dx.doi.org/10.1016/j.biopha.2019.109595
http://dx.doi.org/10.7717/peerj.16631
https://peerj.com/

Peer/

Klionsky DJ, Knight RA, Kumar S, Lee SW, Lemasters JJ, Levine B, Linkermann A,
Lipton SA, Lockshin RA, Lopez-Otin C, Lowe SW, Luedde T, Lugli E, MacFarlane M,
Madeo F, Malewicz M, Malorni W, Manic G, Marine JC, Martin SJ, Martinou JC,
Medema JP, Mehlen P, Meier P, Melino S, Miao EA, Molkentin JD, Moll UM, Muiioz-
Pinedo C, Nagata S, Nuiiez G, Oberst A, Oren M, Overholtzer M, Pagano M, Panaretakis T,
Pasparakis M, Penninger JM, Pereira DM, Pervaiz S, Peter ME, Piacentini M, Pinton P,
Prehn ], Puthalakath H, Rabinovich GA, Rehm M, Rizzuto R, Rodrigues C, Rubinsztein DC,
Rudel T, Ryan KM, Sayan E, Scorrano L, Shao F, Shi Y, Silke J, Simon HU, Sistigu A,
Stockwell BR, Strasser A, Szabadkai G, Tait S, Tang D, Tavernarakis N, Thorburn A,
Tsujimoto Y, Turk B, Vanden BT, Vandenabeele P, Vander HM, Villunger A, Virgin HW,
Vousden KH, Vucic D, Wagner EF, Walczak H, Wallach D, Wang Y, Wells JA, Wood W,
Yuan J, Zakeri Z, Zhivotovsky B, Zitvogel L, Melino G, Kroemer G. 2018. Molecular
mechanisms of cell death: recommendations of the Nomenclature committee on cell death 2018.
Cell Death and Differentiation 25:486-541 DOI 10.1038/s41418-017-0012-4.

Ganesh K, Stadler ZK, Cercek A, Mendelsohn RB, Shia J, Segal NH, Diaz LJ. 2019.
Immunotherapy in colorectal cancer: rationale, challenges and potential. Nat Rev Gastroenterol
Hepatol 16(6):361-375 DOI 10.1038/s41575-019-0126-x.

Gao J, Qiu X, Xi G, Liu H, Zhang F, Lv T, Song Y. 2018. Downregulation of GSDMD attenuates
tumor proliferation via the intrinsic mitochondrial apoptotic pathway and inhibition of EGFR/
Akt signaling and predicts a good prognosis in non-small cell lung cancer. Oncology Reports
40:1971-1984 DOI 10.3892/0r.2018.6634.

Guo J, Zheng J, Mu M, Chen Z, Xu Z, Zhao C, Yang K, Qin X, Sun X, Yu J. 2021. GW4064
enhances the chemosensitivity of colorectal cancer to oxaliplatin by inducing pyroptosis.
Biochemical and Biophysical Research Communications 548(31):60-66
DOI 10.1016/j.bbrc.2021.02.043.

He H, Yi L, Zhang B, Yan B, Xiao M, Ren J, Zi D, Zhu L, Zhong Z, Zhao X, Jin X, Xiong W.
2021. USP24-GSDMB complex promotes bladder cancer proliferation via activation of the
STATS3 pathway. International Journal of Biological Sciences 17(10):2417-2429
DOI 10.7150/ijbs.54442.

Hu J, Tian C, Zhao Y, Guo Y, Chen S. 2022. Prognostic prediction of systemic
immune-inflammation status for patients with colorectal cancer: a novel pyroptosis-related
model. World Journal of Surgical Oncology 20(1):234 DOI 10.1186/s12957-022-02697-w.

Huang X, Xiao F, Li Y, Qian W, Ding W, Ye X. 2018. Bypassing drug resistance by triggering
necroptosis: recent advances in mechanisms and its therapeutic exploitation in leukemia.
Journal of Experimental & Clinical Cancer Research 37(1):310 DOI 10.1186/s13046-018-0976-z.

Johnson DC, Taabazuing CY, Okondo MC, Chui AJ, Rao SD, Brown FC, Reed C, Peguero E,
de Stanchina E, Kentsis A, Bachovchin DA. 2018. DPP8/DPP9 inhibitor-induced pyroptosis
for treatment of acute myeloid leukemia. Nature Medicine 24(8):1151-1156
DOI 10.1038/s41591-018-0082-y.

LiZ, Liu Y, Lin B, Yan W, Yi H, Wang H, Wei Y. 2022. Pyroptosis-related signature as potential
biomarkers for predicting prognosis and therapy response in colorectal cancer patients. Frontiers
in Genetics 13:925338 DOI 10.3389/fgene.2022.925338.

Mu X, Shi W, Xu Y, Xu C, Zhao T, Geng B, Yang J, Pan J, Hu S, Zhang C, Zhang ], Wang C,
Shen J, Che Y, Liu Z, Lv Y, Wen H, You Q. 2018. Tumor-derived lactate induces M2
macrophage polarization via the activation of the ERK/STAT3 signaling pathway in breast
cancer. Cell Cycle 17(4):428-438 DOI 10.1080/15384101.2018.1444305.

Jiang et al. (2023), PeerdJ, DOI 10.7717/peerj.16631 22/25


http://dx.doi.org/10.1038/s41418-017-0012-4
http://dx.doi.org/10.1038/s41575-019-0126-x
http://dx.doi.org/10.3892/or.2018.6634
http://dx.doi.org/10.1016/j.bbrc.2021.02.043
http://dx.doi.org/10.7150/ijbs.54442
http://dx.doi.org/10.1186/s12957-022-02697-w
http://dx.doi.org/10.1186/s13046-018-0976-z
http://dx.doi.org/10.1038/s41591-018-0082-y
http://dx.doi.org/10.3389/fgene.2022.925338
http://dx.doi.org/10.1080/15384101.2018.1444305
http://dx.doi.org/10.7717/peerj.16631
https://peerj.com/

Peer/

Ning Y, Lin K, Fang J, Chen X, Hu X, Liu L, Zhao Q, Wang H, Wang F. 2023. Pyroptosis-related
signature predicts the progression of ulcerative colitis and colitis-associated colorectal cancer as
well as the anti-tnf therapeutic response. Journal of Immunology Research 2023:7040113
DOI 10.1155/2023/7040113.

Overman MJ, McDermott R, Leach JL, Lonardi S, Lenz HJ, Morse MA, Desai J, Hill A,
Axelson M, Moss RA, Goldberg MV, Cao ZA, Ledeine JM, Maglinte GA, Kopetz S, André T.
2017. Nivolumab in patients with metastatic DNA mismatch repair-deficient or microsatellite
instability-high colorectal cancer (CheckMate 142): an open-label, multicentre, phase 2 study.
Lancet Oncology 18(9):1182-1191 DOI 10.1016/S1470-2045(17)30422-9.

Pardoll DM. 2012. The blockade of immune checkpoints in cancer immunotherapy. Nature
Reviews Cancer 12(4):252-264 DOI 10.1038/nrc3239.

R Core Team. 2023. R: a language and environment for statistical computing. Version 4.3.1.
Vienna: R Foundation for Statistical Computing. Available at https://www.r-project.org.

Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, Amin N, Schwikowski B,
Ideker T. 2003. Cytoscape: a software environment for integrated models of biomolecular
interaction networks. Genome Research 13(11):2498-2504 DOI 10.1101/gr.1239303.

Shi J, Zhao Y, Wang Y, Gao W, Ding J, Li P, Hu L, Shao F. 2014. Inflammatory caspases are
innate immune receptors for intracellular LPS. Nature 514(7521):187-192
DOI 10.1038/naturel3683.

Siegel RL, Miller KD, Fuchs HE, Jemal A. 2021. Cancer statistics, 2021. CA: a Cancer Journal for
Clinicians 71(1):7-33 DOI 10.3322/caac.21654.

Smith RA, Andrews KS, Brooks D, Fedewa SA, Manassaram-Baptiste D, Saslow D, Wender RC.
2019. Cancer screening in the United States, 2019: a review of current american cancer society

guidelines and current issues in cancer screening. CA: a Cancer Journal for Clinicians
69(3):184-210 DOI 10.3322/caac.21557.

Sun K, Chen RX, Li JZ, Luo ZX. 2022. LINC00511/hsa-miR-573 axis-mediated high expression of
Gasdermin C associates with dismal prognosis and tumor immune infiltration of breast cancer.
Scientific Reports 12(1):14788 DOI 10.1038/s41598-022-19247-9.

Sun D, Wang J, Han Y, Dong X, Ge J, Zheng R, Shi X, Wang B, Li Z, Ren P, Sun L, Yan Y,
Zhang P, Zhang F, Li T, Wang C. 2021. TISCH: a comprehensive web resource enabling
interactive single-cell transcriptome visualization of tumor microenvironment. Nucleic Acids
Research 49(D1):D1420-D1430 DOI 10.1093/nar/gkaa1020.

Tan G, Huang C, Chen J, Zhi F. 2020. HMGBI released from GSDME-mediated pyroptotic
epithelial cells participates in the tumorigenesis of colitis-associated colorectal cancer through
the ERK1/2 pathway. Journal of Hematology ¢ Oncology 13(1):149
DOI 10.1186/s13045-020-00985-0.

Tang R, Xu J, Zhang B, Liu ], Liang C, Hua J, Meng Q, Yu X, Shi S. 2020. Ferroptosis,
necroptosis, and pyroptosis in anticancer immunity. Journal of Hematology & Oncology
13(1):110 DOI 10.1186/s13045-020-00946-7.

Uhlén M, Fagerberg L, Hallstrom BM, Lindskog C, Oksvold P, Mardinoglu A, Sivertsson A,
Kampf C, Sjostedt E, Asplund A, Olsson I, Edlund K, Lundberg E, Navani S, Szigyarto CA,
Odeberg J, Djureinovic D, Takanen JO, Hober S, Alm T, Edqvist PH, Berling H, Tegel H,
Mulder J, Rockberg J, Nilsson P, Schwenk JM, Hamsten M, von Feilitzen K, Forsberg M,
Persson L, Johansson F, Zwahlen M, von Heijne G, Nielsen J, Pontén F. 2015. Proteomics.
Tissue-based map of the human proteome. Science 347(6220):1260419
DOI 10.1126/science.1260419.

Jiang et al. (2023), Peerd, DOI 10.7717/peerj.16631 23/25


http://dx.doi.org/10.1155/2023/7040113
http://dx.doi.org/10.1016/S1470-2045(17)30422-9
http://dx.doi.org/10.1038/nrc3239
https://www.r-project.org
http://dx.doi.org/10.1101/gr.1239303
http://dx.doi.org/10.1038/nature13683
http://dx.doi.org/10.3322/caac.21654
http://dx.doi.org/10.3322/caac.21557
http://dx.doi.org/10.1038/s41598-022-19247-9
http://dx.doi.org/10.1093/nar/gkaa1020
http://dx.doi.org/10.1186/s13045-020-00985-0
http://dx.doi.org/10.1186/s13045-020-00946-7
http://dx.doi.org/10.1126/science.1260419
http://dx.doi.org/10.7717/peerj.16631
https://peerj.com/

Peer/

Uhlen M, Zhang C, Lee S, Sjostedt E, Fagerberg L, Bidkhori G, Benfeitas R, Arif M, Liu Z,
Edfors F, Sanli K, von Feilitzen K, Oksvold P, Lundberg E, Hober S, Nilsson P, Mattsson J,
Schwenk JM, Brunnstrom H, Glimelius B, Sjoblom T, Edqvist PH, Djureinovic D, Micke P,
Lindskog C, Mardinoglu A, Ponten F. 2017. A pathology atlas of the human cancer
transcriptome. Science 357(6352) DOI 10.1126/science.aan2507.

Wang Y, Gao W, Shi X, Ding J, Liu W, He H, Wang K, Shao F. 2017. Chemotherapy drugs
induce pyroptosis through caspase-3 cleavage of a gasdermin. Nature 547(7661):99-103
DOI 10.1038/nature22393.

Wang YY, Liu XL, Zhao R. 2019. Induction of pyroptosis and its implications in cancer
management. Frontiers in Oncology 9:971 DOI 10.3389/fonc.2019.00971.

Wang Q, Wang Y, Ding J, Wang C, Zhou X, Gao W, Huang H, Shao F, Liu Z. 2020. A
bioorthogonal system reveals antitumour immune function of pyroptosis. Nature
579(7799):421-426 DOI 10.1038/s41586-020-2079-1.

Wei R, Li S, Yu G, Guan X, Liu H, Quan J, Jiang Z, Wang X. 2021. Deciphering the
pyroptosis-related prognostic signature and immune cell infiltration characteristics of colon
cancer. Frontiers in Genetics 12:755384 DOI 10.3389/fgene.2021.755384.

Wen J, Fang S, Hu Y, Xi M, Weng Z, Pan C. 2022. Impacts of neoadjuvant chemoradiotherapy on
the immune landscape of esophageal squamous cell carcinoma. Ebiomedicine 86:104371
DOI 10.1016/j.ebiom.2022.104371.

Wilkerson MD, Hayes DN. 2010. ConsensusClusterPlus: a class discovery tool with confidence
assessments and item tracking. Bioinformatics 26(12):1572-1573
DOI 10.1093/bioinformatics/btq170.

Williams TM, Leeth RA, Rothschild DE, Coutermarsh-Ott SL, McDaniel DK, Simmons AE,
Heid B, Cecere TE, Allen IC. 2015. The NLRP1 inflammasome attenuates colitis and
colitis-associated tumorigenesis. Journal of Immunology 194(7):3369-3380
DOI 10.4049/jimmunol.1402098.

Wu D, Wang S, Yu G, Chen X. 2021. Cell death mediated by the pyroptosis pathway with the aid
of nanotechnology: prospects for cancer therapy. Angewandte Chemie International Edition
60(15):8018-8034 DOI 10.1002/anie.202010281.

Yi YS. 2017. Caspase-11 non-canonical inflammasome: a critical sensor of intracellular
lipopolysaccharide in macrophage-mediated inflammatory responses. Immunology
152(2):207-217 DOI 10.1111/imm.12787.

YuJ,LiS, Qi]J, Chen Z, Wu Y, Guo J, Wang K, Sun X, Zheng J. 2019. Cleavage of GSDME by
caspase-3 determines lobaplatin-induced pyroptosis in colon cancer cells. Cell Death ¢ Disease
10(3):193 DOI 10.1038/s41419-019-1441-4.

Yu G, Wang LG, Han Y, He QY. 2012. clusterProfiler: an R package for comparing biological
themes among gene clusters. Omics-a Journal of Integrative Biology 16(5):284-287
DOI 10.1089/0mi.2011.0118.

Yu P, Zhang X, Liu N, Tang L, Peng C, Chen X. 2021. Pyroptosis: mechanisms and diseases.
Signal Transduction and Targeted Therapy 6(1):128 DOI 10.1038/s41392-021-00507-5.

Zhang CC, Li CG, Wang YF, Xu LH, He XH, Zeng QZ, Zeng CY, Mai FY, Hu B, Ouyang DY.
2019. Chemotherapeutic paclitaxel and cisplatin differentially induce pyroptosis in A549 lung
cancer cells via caspase-3/GSDME activation. Apoptosis 24(3-4):312-325
DOI 10.1007/s10495-019-01515-1.

Jiang et al. (2023), Peerd, DOI 10.7717/peerj.16631 24/25


http://dx.doi.org/10.1126/science.aan2507
http://dx.doi.org/10.1038/nature22393
http://dx.doi.org/10.3389/fonc.2019.00971
http://dx.doi.org/10.1038/s41586-020-2079-1
http://dx.doi.org/10.3389/fgene.2021.755384
http://dx.doi.org/10.1016/j.ebiom.2022.104371
http://dx.doi.org/10.1093/bioinformatics/btq170
http://dx.doi.org/10.4049/jimmunol.1402098
http://dx.doi.org/10.1002/anie.202010281
http://dx.doi.org/10.1111/imm.12787
http://dx.doi.org/10.1038/s41419-019-1441-4
http://dx.doi.org/10.1089/omi.2011.0118
http://dx.doi.org/10.1038/s41392-021-00507-5
http://dx.doi.org/10.1007/s10495-019-01515-1
http://dx.doi.org/10.7717/peerj.16631
https://peerj.com/

Peer/

Zhou Z, He H, Wang K, Shi X, Wang Y, Su Y, Wang Y, Li D, Liu W, Zhang Y, Shen L, Han W,
Shen L, Ding J, Shao F. 2020. Granzyme a from cytotoxic lymphocytes cleaves GSDMB to
trigger pyroptosis in target cells. Science 368(6494):393 DOI 10.1126/science.aaz7548.

Zhuang Z, Cai H, Lin H, Guan B, Wu Y, Zhang Y, Liu X, Zhuang J, Guan G. 2021. Development
and validation of a robust pyroptosis-related signature for predicting prognosis and immune
status in patients with colon cancer. Journal of Oncology 2021(2):5818512
DOI 10.1155/2021/5818512.

Jiang et al. (2023), Peerd, DOI 10.7717/peerj.16631 25/25


http://dx.doi.org/10.1126/science.aaz7548
http://dx.doi.org/10.1155/2021/5818512
http://dx.doi.org/10.7717/peerj.16631
https://peerj.com/

	A pyroptosis-related signature in colorectal cancer: exploring its prognostic value and immunological characteristics
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


