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ABSTRACT

Pyroptosis, a pro-inflammatory form of programmed cell death, is associated with carcinogenesis and
progression. However, there is little information concerning pyroptosis-related genes (PRGs) in laryngeal
squamous cell carcinoma (LSCC). Herein, we aim to explore the prognostic value of PRGs in LSCC. The
expression and clinical data of 47 PRGs in LSCC patients were obtained from The Cancer Genome Atlas. A novel
prognostic PRG signature was constructed using least absolute shrinkage and selection operator analysis.
Receiver operating characteristic (ROC) curves were drawn, and Kaplan-Meier survival Cox proportional hazard
regression analyses were performed to measure the predictive capacity of the PRG signature. Furthermore, we
constructed a six-PRG signature to divide LSCC patients into high- and low-risk groups. Patients in the high-risk
group had worse overall survival than the low-risk group. The area under the time-dependent ROC curve was
0.696 for 1 year, 0.784 for 3 years, and 0.738 for 5 years. We proved that the PRGs signature was an
independent predictor for LSCC. Functional enrichment analysis indicated that several immune-related
pathways were significantly enriched in the low-risk group. Consistent with this, patients with low-risk scores
had higher immune scores and better immunotherapeutic responses than the high-risk group. In conclusion, we
established a novel PRGs signature that can predict outcome and response to immunotherapy of LSCC,
pyroptosis may be a potential target for LSCC.

INTRODUCTION pathological type. LSCC is responsible for ~ 98% of all

laryngeal cancers [1]. Etiological factors for LSCC are
Laryngeal cancer is the second most common malignant diverse and include genetic background, environmental
tumor of the head and neck, of which laryngeal factors, alcohol consumption, cigarette smoking, and
squamous cell carcinoma (LSCC) is the most prominent viral infections [2]. Approximately 1.8 million new
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cases and 1 million deaths of LSCC occur worldwide
per year [3]. Although the therapeutic strategies for
LSCC have progressed in recent decades, the 5-year
survival rate remained 40% in patients with metastatic
and recurrent disease [4], owing to the lack of
nonspecific symptoms and effective methods for early
diagnosis. Predicting outcomes with high accuracy will
potentially improve outcomes and direct individualized
treatment. Therefore, the identification of novel and
reliable prognostic signatures for LSCC is urgently
required.

Pyroptosis is an inflammatory and programmed cell
death triggered by cytosolic sensing of invasive
infection and other stimuli. Morphologically, pyroptotic
cells are characterized by cellular swelling, bubble-like
protrusions, and pore formation in the cell membrane by
gasdermin (GSDM) family (including GSDMA,
GSDMB, GSDMC, GSDMD, and GSDME). These
phenomena result in rapid cell death, dying cells appear
to flatten as the cytoplasmic contents and interleukins
(IL) are released [5]. Pyroptosis is usually but not
always results from inflammatory caspase activation via
classical and non-classical pathways. In caspase-1-
dependent classical inflammasomes, nuclear factor of
kB (NF-kB) or tumor necrosis factor and IL-1f bind to
corresponding intracellular receptors after cells are
stimulated by pathogen-associated and damage-
associated molecular patterns or other immune
stimulations. Nod-like receptors (NLR, including
NLRP1, NLRP2, NLRP3, NLRP6 NLRP7, and
NLRC4) and absent in melanoma 2 can be selectively
activated, which leads to cleavage of pro-caspase-1 to
form activated caspase-1 [6]. In caspase-4/5-dependent
non-classical inflammasomes, pro-caspase-4/5 s
activated by cytosolic bacterial lipopolysaccharide from
invading gram-negative bacteria in macrophages and
other cells [6]. Activated caspase-1/4/5 cleaves
GSDMD and forms an N-terminal GSDMD fragment
that creates a pore in the membrane and causes
pyroptosis [7, 8]. Caspase-3 is cleaved by Asp270,
which  converts cells that undergo GSDME
noninflammatory apoptotic death into those that
undergo inflammatory pyroptotic death [9, 10].

In some instances (especially cancer), human health
improves with cell death. Pyroptosis has been shown to
play an essential role in regulating carcinogenic
processes, suggesting its potential for cancer therapy
and outcome prediction [11, 12]. Pyroptosis is closely
linked to the development and progression of gastric
cancer [13], breast cancer [14], esophageal carcinoma
[15], lung cancer [16], and colorectal cancer [17].
Nevertheless, the association between pyroptosis-
related genes (PRGs) and outcome in LSCC remains
unclear.

In the current study, we performed a systematic analysis
to measure expression characteristics and prognostic
values of PRGs in LSCC patients from The Cancer
Genome Atlas (TCGA). Then, we constructed a PRG
signature to calculate the risk score for predicting
overall survival and evaluate the biological function in
high- and low-risk patients to explore the potential
mechanisms. Finally, the correlation between PRG
signature and tumor immune microenvironment,
immune infiltration, immunotherapy response, and
chemosensitivity were analyzed to identify potential
strategies for targeted treatment of LSCC.

RESULTS
The expression landscape of PRGs in LSCC patients

The methods used for this study are summarized in the
flow chart, as shown in Figure 1B. The expression
profile of 47 PRGs was compared between 111 LSCC
tissues and 12 adjacent normal tissues obtained from
TCGA. As presented with a heatmap in Figure 2A (red:
high expression level; blue: low expression level), we
identified 25 PRGs that were significantly differentially
expressed in LSCC patients (all P < 0.05). Of these, 20
genes were significantly up-regulated in the tumor
samples, while 5 genes were down-regulated (Figure
2B). We performed a PPI analysis to explore the
interconnections of PRGs, and found that they were
highly connected, especially CARD8, GSDMD, TLR3,
and CASP1 (Figure 2C). Consistent with this, the
expression correlation network of the PRGs in LSCC is
shown in Figure 2D. The depth of the colors represents
the strength of the correlation.

Pyroptosis clusters based on differentially expressed
PRGs

To identify distinct pyroptosis-related patterns, we
utilized a consensus clustering analysis with all 111
LSCC patients from TCGA based on the differential
expression of 25 PRGs. The clustering variable k = 2
was determined to be an optimal clustering stability
from k =2 to 9, indicating that 111 LSCC patients could
be classified into two clusters, cluster 1 (n = 29) and
cluster 2 (n = 82) (Figure 3A). Kaplan-Meier survival
analysis with log-rank test was used to compare the
overall survival between two clusters. However, we
found that the patients in cluster 2 tended to have worse
outcomes than cluster 1, without a statistically
significant difference (Figure 3B, P = 0.207). The
relationship between the two clusters and clinical
factors, including age, gender, histologic grade, T stage,
N stage, and clinical stage, were drawn in a heatmap
(Figure 3C). However, there were no differences in
clinical features between the two clusters.

www.aging-us.com

25961

AGING



LSCC RNA-seq data and clinical data
from TCGA database
[cancer (n=111) vs normal (n = 12)]

Protein-Protein . . Interaction
I S [‘—' Different expression of 47 PRGs I—’I b I

N

-
el et =
LY GSDM pore
I Cluster survival Two is clusters Clini = |
Pro-IL1B/IL18 analysis (clusterl vs cluster2) i
ro-|
Pro-Caspase% | inflammatory
¥ ¥ medi.ators
- [ Ajm

PCA analysis

Kaplan-Meier plot

ROC curve

Caspase and
GSDM activation

Intracellular

Univariate and

iate Cox

a 6-PRGs signature for prognostic regression
(high-risk vs low-risk)

Nomogram

Hyperactivation Pyroptosis l
Extracellular Functional analysis | | TME and immunc ccll Immunotherapy
{GO and GSEA) infiltration analysis prediction

Figure 1. (A) Schematic diagram of pyroptosis. (B) The flow chart of this study. Abbreviations: LSCC: laryngeal squamous cell carcinoma; TCGA:
the cancer genome atlas; PRGs: pyroptosis-related genes; LASSO: least absolute shrinkage and selection operator; PCA: principal component
analysis; ROC: receiver operating characteristic; TME: tumor microenvironment; GO: Gene Ontology; GSEA: Gene set enrichment analysis.
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Figure 2. The expression landscape of PRGs in LSCC patients. (A) The heatmap of the 47 PRGs between LSCC tissues and adjacent
normal tissues. P-values are as follows: *P < 0.05; **P < 0.01; **P < 0.001. (B) The boxplots of differential expression of PRGs between LSCC
samples and normal tissues. (C) The PPl network of the PRGs using the STRING database. (D) The correlation network of the PRGs (red line:
positive correlation; blue line: negative correlation. The depth of the colors represents the degrees of correlation).
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Construction of the PRG signature for LSCC patients

As shown in Figure 4A, 12 prognostic PRGs (CASP9,
GSDMA, GSDMB, GSDME, NLRP1, PYCARD, IL1B,
PLCG1l, GZMA, GZMB, TLR4 and IRF8) were
identified using univariate Cox regression analysis. Six
PRGs (CASP9, GSDMA, NLRP1, IL1B, TLR4, and
IRF8) were selected to construct the PRG signature
according to optimal parameter (A) of the LASSO
regression analysis (Figure 4B, 4C). The risk score for
the total sample was then calculated follows: risk score
= (-0.208 x CASP9) + (—0.047 x GSDMA) + (—0.116 x
NLRP1) + (0.012 x IL1B) + (0.131 x TLR4) + (—0.149 x
IRF8). We divided 111 LSCC patients into high-risk
(n =56) and low-risk groups (n = 55) using the median
risk score as the cut off value. The PCA plot showed the
high- and low-risk groups were distinct (Figure 4D).

Validation of the prognostic value of the PRG
signature for LSCC

As shown in Figure 5A, 5B, patients in the high-risk
group had a shorter survival time and a higher
probability of death than those in the low-risk group.
Moreover, the time-dependent ROC curve showed the
AUC reached 0.696 for 1 year, 0.784 for 3 years, and
0.738 for 5 years (Figure 5C). Kaplan-Meier survival

analysis showed that the high-risk group had
significantly worse overall survival than the low-risk
group (Figure 5D, P = 0.007). Univariate (Figure 5E;
HR = 1.566, 95% CI: 1.284-1.909, P < 0.001) and
multivariate (Figure 5F; HR = 1.406, 95% CI: 1.126—
1.757, P = 0.003) Cox regression indicated that the risk
score was an independent prognostic factor of overall
survival for LSCC. We then built a nomogram to
predict 1-year, 3-year, and 5-year overall survival
(Figure 5G). The calibration plot indicated that the
nomogram had good predictive performance and
accuracy compared to the ideal model (Figure 5H).
Next, we analyzed the relationship between the clinical
factors and risk score by the Chi-square test and
Wilcoxon  signed-rank  test. The  heatmap
(Supplementary Figure 1A) and the scatter plots showed
that there was no significantly correlation in age
(Supplementary Figure 1B), gender (Supplementary
Figure 1C), tumor grade (Supplementary Figure 1D),
clinical stage (Supplementary Figure 1E), T
classification (Supplementary Figure 1F), and lymph
node metastasis (Supplementary Figure 1G).

Functional enrichment analysis

To explore the biological functions and pathways
related to the PRG signature, GO enrichment and GSEA
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Figure 3. Pyroptosis clusters based on the differentially expressed PRGs. (A) Consensus clustering of 111 LSCC samples when k = 2.
(B) Kaplan-Meier survival analysis with the log-rank test between the two clusters (P = 0.207). (C) Heatmap of clinicopathological

characteristics and clusters.
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analyses were performed based on the DEGs between
the high- and low-risk groups. As shown in Figure 6A,
the results of GO analysis indicated that DEGs were
involved in immune-related biological processes such
as adaptive immune response based on somatic
recombination of immune receptors built from
immunoglobulin super family domains, the immune
response-activating cell surface receptor signaling
pathway, immune  response-activating  signal
transduction, lymphocyte-mediated immunity, humoral
immune response, immunoglobulin mediated immune
response, and B cell-mediated immunity. Consistently,
the GSEA analysis revealed that several immune-
related and cancer-related pathways were significantly
enriched in the low-risk group, including primary
immunodeficiency, the Fc epsilon RI signaling
pathway, natural Killer cell-mediated cytotoxicity, and
the T cell receptor signaling pathway (Figure 6B).

The relationship between the PRG signature and
immune status

Based on these findings, the PRG signature appeared to
be closely related to immune processes. We assessed

the effects of the PRGs-based prognostic model on the
LSCC tumor immune microenvironment. LSCC patient
in the low-risk group had higher immune scores
(P =0.024), stromal scores (P = 0.73) and estimate
scores (P =0.23) than the high-risk group (Figure 7A),
although the P-values were <0.05 only for the immune
score. This finding suggests that the low-risk group
might have more immune cells than the high-risk group.

Therefore, we further analyzed the connection between
the PRG-based prognostic model and immune cells
infiltration. As expected, the low-risk group generally
had higher infiltration of memory B cells, plasma cells,
and CD8+ T cells and lower infiltration of resting NK
cells, MO macrophages, M2 macrophages, and
eosinophils (Figure 7B). Correlation analysis indicated
that CD8+ T cells, T cells follicular helper cells (Tfh),
memory B cells, and resting dendritic cells had strong
negative correlations with risk scores (Figure 7C).
Resting NK cells, MO macrophages, M2 macrophages,
and eosinophils positively correlated with risk score
(Figure 7C). Finally, ssGSEA analysis showed that
checkpoint, HLA, inflammation-promotion, and T cell
co-inhibition immune pathways were more highly
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Figure 4. Construction of the PRG-based signature for LSCC patients. (A) The prognostic PRGs using univariate Cox regression
analysis (P < 0.2). (B) Optimal parameter (A) selected in the LASSO Cox regression model based on the minimum criteria. (C) The LASSO
coefficient of the pyroptosis-related signature. (D) Score plot for the PCA analysis.
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activated in LSCC patients with low-risk scores

(Figure 8A, 8B).
Immunotherapy prediction of PRG signature for LSCC

To explore the role of PRG signature in
immunotherapy, we calculated the association of risk
scores and the expression of ICl-related genes (PD1,
CTLA4, LAGS, PD-L1, and HAVCR2). The expression

of PD1 (P = 0.021), CTLA4 (P = 0.03), and LAG3 (P =
0.0075) were significantly higher in the low-risk group
than the high-risk group (Figure 9A), suggesting that
the low-risk patients might have a better response to
ICIs. We confirmed this finding using TCIA (Figure
9B) and found that the low-risk group had a better
response to PD-1 inhibitor alone (P = 0.0073) or a
combination of PD1 and CTLA4 inhibitor (P = 0.0056),
but not for the CTLA4 inhibitor alone (P = 0.078).
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DISCUSSION

We comprehensively assessed the expression of 47
PRGs in LSCC patients from TCGA and found 25
PRGs that were significantly differentially expressed
between tumor samples and adjacent normal tissues;
this finding suggests that pyroptosis might play an
essential role in the pathogenesis and progression of
LSCC. Studies showed that GSDME-expressed cells
could be shunted from noninflammatory apoptotic death
to inflammatory pyroptotic death [9, 18]. Shao et al.
showed that the level of GSDME is the key “switch” for
cells towards pyroptosis or apoptosis after caspase-3
activation [18]. In lung cancer, paclitaxel and cisplatin-
induced pyroptosis by a caspase-3/GSDME mechanism
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To further explore the prognostic value of PRGs in
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including six PRGs (CASP9, GSDMA, NLRP1, IL1B,
TLR4, and IRF8). CASP9, an initiator of intrinsic
apoptosis, regulates physiological and pathological cell
death in several diseases, including various cancers,
neurological disorders, and autoimmune pathologies
[20]. GSDMA, the earliest identified member of the
GSDM family, is located on human chromosome 17g21
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N-terminal domains, which forms pores by binding to
acidic phospholipids in cell membranes [22, 23].
Human GSDMA is expressed in the stomach and skin
but is silenced in gastric cancer tissues and cell lines
[24]. However, GSDMA level could be up-regulated
by the DNA methyltransferase inhibitor 5-aza-2’-
deoxycytidine (5-aza-dC) in these cells, suggesting that
it is suppressed by DNA methylation [25]. GSDMA was
up-regulated by TGFp and then triggered cell death in
the gastric epithelium pit cells, indicating it acts as a
tumor suppressor gene in gastric cancer [26]. NLRP1,
the first human inflammasome sensor, contains leucine-
rich repeat and pyrin domain containing 1 [27]. NLRP1

A

inflammasomes mediate the production of various
cytokines and trigger the inflammatory process [28].
NLRP1 also participates in the self-destruction of cells,
including apoptosis and pyroptosis. Pharmacological
inhibition of dipeptidylpeptidase 8 and 9 induced
pyroptosis by activating NLRP1 and CARDS [23]. IL1B,
a member of the cytokine family, participates in
inflammation-induced carcinogenesis [29]. It is also
known as an alarm cytokine for the response to damage-
associated and pathogen-associated molecular patterns
by pathogen-recognition receptors and trigger
inflammasome  activation following cleavage by
caspase-1 into its active form of pro-IL-1f [30].
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Inflammasome activities cause IL-1f release from
living (hyperactive) or dead (pyroptotic) cells
depending on the cell type and stimulus [31]. The role
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outgrowth [32, 33]. TLR4, a type | transmembrane
glycoprotein receptor, was the first discovered TLR in
mammals. It is widely expressed in human cells such as
mononuclear macrophages and renal tubular epithelial
cells [34]. TLR4 participates in the innate immune
response by recognizing lipopolysaccharide, and it also
acts as a bridge connecting innate and acquired
immunity [35, 36]. Despite studies having reported that
TLR4 is involved in the occurrence and development of
liver cancer [37], lung cancer [38], gastric cancer [39],
and colorectal cancer [40], the correlation of TLR4 and
LSCC had not been explored. IRF8 is an interferon
regulatory transcription factor family member, also
known as interferon consensus sequence-binding
protein. It is required for early B cell development with
IRF4 and negatively regulates immune cells [41].
Recently, studies showed IRF8 was associated with
several tumors [42-45]. Taken together, our findings
suggest that these six PRGs in the newly established
signature have roles in promoting or inhibiting tumor
cell pyroptosis, which might provide potential
therapeutic targets for LSCC. Kaplan-Meier survival
analysis, ROC curve analysis, and multivariate Cox
regression subgroup analysis were performed to
determine the model's efficiency. We found that the
novel PRG signature is a powerful predictor of outcome
in LSCC. Calibration plots confirmed that the
nomogram incorporating the PRG risk score and
clinical risk factors had better predictive accuracy and
may be used for risk stratification. In addition, we
analyzed the relationship between the clinical factors
and risk score, but there was no valuable relevance been
observed. We speculated that it was too small quantity
of LSCC specimens in each clinical subgroup to explore
the relationship of clinical factors and risk score. Future
studies with more samples are needed to verify these
results.

To explore the biological functions of PRG signature,
we conducted GO enrichment analysis based on the
DEGs between high- and low-risk groups and found that
the DEGs were involved in immune-related biological
processes. Further GSEA analysis confirmed that several
immune-related pathways were significantly enriched in
the low-risk group. There is now substantial evidence
that pyroptosis regulates the maturation process of
immune cells and immune responses by activating
inflammasomes and secretion of inflammatory cytokines
[46, 47]. As expected, we observed that the low-risk
group had higher immune scores than the high-risk
group, with higher infiltration of memory B cells,
plasma cells, and CD8+ T cells. CD8+ T cells participate
in immune response and producing antitumor response
[48, 49]. In contrast, M2 macrophages are immune
suppressive cells that might be related to tumor
recurrence, metastasis, and poor outcome [50, 51]. In the

current study, we found that the content of M2
macrophage cells was higher in the high-risk group and
positively correlated with the risk score. We speculate
that this is a mechanism explaining better outcomes in
the low-risk group. Given our analysis, it is reasonable
to conclude that pyroptosis facilitates the recruitment of
infiltrating immune cells and regulates the composition
of the tumor immune microenvironment to mediate the
pathogenesis of LSCC.

Immunotherapy is an essential adjuvant treatment
combined  with  surgery, radiotherapy, and
chemotherapy. This therapy induces the immune system
to kill tumor cells. This is why immunotherapy might
solve the problem of tumor heterogeneity in targeted
therapy [52]. The agents of immunotherapy are ICls
that have been helpful in several cancers [53, 54].
Pembrolizumab and nivolumab are approved for
treatment o platinum-refractory recurrent or metastatic
head and neck squamous cell carcinoma, including
LSCC [55, 56]. Of course, many LSCC patients,
especially those in the progressive phase, might benefit.

Nevertheless, many patients do not experience good
clinical outcomes because of tumor heterogeneity.
Therefore, we also compared the expression of ICI-
related genes (PD1, CTLA4, LAG3, PD-L1, and
HAVCR?2) between the high- and low-risk groups [57—
59] and found that PD1, CTLA4, and LAG3 were
significantly increased in the low-risk group, suggesting
that the low-risk patients might have a better response
to ICI therapy. We confirmed this using TCIA, finding
that the low-risk group had a higher immunophenoscore
for PD-1 inhibitor alone or the combination of PD1 and
CTLAA4 inhibitor. We speculate that our PRG signature
might be helpful to develop individualized and precise
immunotherapy strategies for LSCC.

This study has some limitations. These results were all
based on TCGA, and the number of cases was relatively
small for the scarcity of LSCC in the public database.
Therefore, we are collecting surgical LSCC tissues for
the verification set to detect the level of PRGs and
immunological factors in the further study. On the other
hand, our finding was lack of mechanisms of PRGs-
based prognostic model effect on immunotherapy for
LSCC, the conclusions would be more reliable if there
were experimental validation. Based on the results of
this study, we have conducted LSCC animal models in
the new study to explore the correlation of six pyroptosis
genes expression and immune cell infiltration.

CONCLUSIONS

We constructed a novel six-PRG signature for the
outcome prediction of LSCC. We indicated PRGs that
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potentially affect antitumor immunity and may act as
immunotherapy targets for LSCC. Our findings provide
insight to predict outcomes and identify therapeutic
targets for LSCC patients.

MATERIALS AND METHODS
Data collection

RNA sequencing data (fragments per kilobase million
values) for 111 LSCC tissues and 12 cases of adjacent
normal tissue were acquired from TCGA up to 1 July
2021 (https://portal.gdc.cancer.gov/). The corresponding
clinicopathological characteristic and prognostic data,
including age, gender, histologic grade, T stage, N stage,
clinical stage, survival status, and overall survival time,
were also downloaded (Table 1). All data are publicly
available and followed TCGA data access policies and
publication guidelines.

PRG expression in LSCC

According to reviews and pyroptosis-related studies [9,
18, 60-74], 47 PRGs were retrieved (Supplementary
Table 1). A schematic diagram of the pyroptosis process
is shown in Figure 1A. Differential expression analysis
of PRGs between LSCC and paracancerous tissues
was performed using the “limma” R package. A
protein-protein interaction (PPI) network of PRGs was
constructed and visualized using the STRING database
(https://string-db.org) [75]. The expression correlation
network of PRGs in LSCC was also constructed with
Pearson correlations > 0.35 and P < 0.05.

Unsupervised clustering analysis

Using the “Consensus Cluster Plus” R package, the
mRNA expression profiles of 47 PRGs were adopted
for consensus clustering, and the optimal number of
clusters (k value) was determined according to the
resulting cumulative distribution functions [76]. The
chi-square test was performed to calculate the
association between clinicopathological factors and
various clusters.

Construction of a prognostic PRGs signature

We used univariate Cox analysis to screen the potential
PRGs using the “survival” R package with P < 0.2. The
least absolute shrinkage and selection operator (LASSO)
regression method with 10-fold cross-validation was
performed to identify the optimal prognostic PRGs for
developing the prognostic PRG signature using the
“glmnet” R package. The risk scores for all LSCC
samples were calculated based on the normalized gene
expression levels and corresponding regression

coefficients in the model. The formula was as follows:
Risk score = Zin:o Coefficient x PRG expression.

Then, 111 LSCC patients were further divided into high-
and low-risk groups based on the risk scores' median
value. Principal component analysis (PCA) was
performed based on expression levels of PRGs in the
signature using the “Rtsne” R package. The area under
the curve (AUC) values under the receiver operating
characteristic (ROC) curve for 1, 3, and 5 years were
calculated to estimate the effectiveness of the PRG
model using the “survival ROC” R package. The overall
survival differences between high- and low-risk groups
were compared using Kaplan-Meier survival curves and
the log-rank test using the “survminer” and “survival” R
packages. Univariate and multivariate Cox proportional
hazards regression analyses were performed to
determine whether the PRG risk score was an
independent prognostic predictor for LSCC. We also
developed anomogram for predicting LSCC outcome
incorporating age, gender, grade, T stage, N stage, and
risk score. The calibration plots were used to assess the
prognostic accuracy of the established nomogram. To
explore the association between clinicopathological
factors and the PRG signature, we performed Chi-square
test and Wilcoxon signed-rank test to show the relation
between risk score and clinical characteristics including
age, gender, tumor grade, clinical stage, T classification,
and lymph node metastasis of LSCC patients.

Gene ontology analysis and gene set enrichment
analysis

Based on the differentially expressed genes (DEGS)
between the high-and low-risk groups with |[log2FC| < 1
and FDR < 0.05, Gene Ontology (GO) analysis was
conducted using the “clusterProfiler” R package. Gene
set enrichment analysis (GSEA) between the high- and
low-risk groups was performed using GSEA 4.0.3.

Tumor immune microenvironment and immune cell
infiltration

The immune score, stromal score, and estimate score of
each LSCC patient were calculated using the
ESTIMATE algorithm in R software's ‘“estimate”
package [77]. The fraction of 22 immune cell types for
each sample was calculated using the CIBERSORT
algorithm using the “cibersort” package in R [78]. The
differences in immune cell infiltration abundances
between high- and low-risk groups were illustrated
using the “vioplot” package in R. The active scores of
16 infiltrating immune cells and 13 immune-related
pathways related were obtained using single-sample
gene set enrichment analysis (SSGSEA) with the
“GSVA” package in R.
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Table 1. Clinical characteristics of the LSCC patients in this study.

Characteristics

Number of patients

Percent (%)

Gender
Female
Male

Age
<=60
>60

Histologic grade
Gl
G2
G3
Unknow

T Stage
Tl
T2
T3
T4
Unknow

N stage
NO
N1
N2
N3
Unknow

Clinical stage
I
I
1l
v
Unknow

Survival status
Dead
Alive

20
91

47
64

70
29

12
25
54
13

39
12
39

19

14
71
15

50
61

18.02
81.98

42.34
57.66

7.21
63.06
26.13

3.6

6.31
10.81
22.52
48.65
11.71

35.14
10.81
35.14
1.8
17.12

1.8

8.11
12.61
63.96
13.51

45.05
54.95

Association with immunotherapy

We compared expression levels of an immune
checkpoint inhibitor (ICl)-related genes (PD1, PD-L1,
CTLA4, LAGS, and HAVCR2) between the high- and
low-risk groups. The immunophenoscore of The Cancer
Immunome Atlas (TCIA) (https://tcia.at/), which was a
superior predictor of response to anti-CTLA4 and anti-
PD1 antibodies [78], was applied to predict the potential
response of ICI for LSCC patients.

Statistical analysis

All statistical analysis was performed using R version
4.1.0. The Mann-Whitney U or Chi-square test was

used to compare variables. Spearman correlation
analysis was used to calculate correlations. Kaplan-
Meier analysis with the log-rank test was used to
compare survival differences. Univariate and
multivariate Cox proportional hazard regression
analyses were used to identify independent prognostic
factors, and if not explicitly stated, P < 0.05 was
considered statistically significant. All P-values were
two-sided.

Abbreviations
PRGs: Pyroptosis-related genes; LSCC: Laryngeal

Squamous Cell Carcinoma; TCGA: The Cancer
Genome Atlas; LASSO: Least Absolute Shrinkage
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and Selection Operator; ROC: Receiver Operating
Characteristic.

AUTHOR CONTRIBUTIONS

The research was designed by CZ and HD. The data
analysis from the public database was made by CZ and
YS. GZ, JC, ZS and YJ took part in data analysis. CZ
and HD oversaw writing the draft. All authors reviewed
the manuscript.

CONFLICTS OF INTEREST

The authors declare there are no financial or other
conflicts of interest associated with this study.

FUNDING

Zhejiang Provincial Natural Science Foundation of
China (No. LQ21H130001, No. LY19H160014 and No.
LY20H13000), National Natural Science Foundation of
China (N0.81670920), Ningbo Health Branding Subject
Fund (No. PPXK2018-02), Zhejiang Province Medical
and Health Research Project (No. 2020RC107 and No.
2021KY307), Public welfare projects of Ningbo
technology (N0.2021S171), and Ningbo Natural
Science Foundation (No. 202003N4239) supported
this work.

REFERENCES

1. Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram |, Jemal A, Bray F. Global Cancer
Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185
Countries. CA Cancer J Clin. 2021; 71:209-49.
https://doi.org/10.3322/caac.21660
PMID:33538338

2. Hsin U, Chuang HH, Lin MY, Fang TJ, Li HY, Liao CT, Kang
CJ, Chen TC, Huang CG, Yen TC, Lee LA. Laryngeal
Helicobacter pylori Infection and Laryngeal Cancer-Case
Series and a Systematic Review. Microorganisms. 2021;
9:1129.
https://doi.org/10.3390/microorganisms9061129
PMID:34071118

3. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA,
Jemal A. Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. 2018;
68:394-424.
https://doi.org/10.3322/caac.21492
PMID:30207593

4. Lauwerends LJ, Galema HA, Hardillo JAU, Sewnaik A,
Monserez D, van Driel PBA, Verhoef C, Baatenburg de

10.

11.

12.

Jong RJ, Hilling DE, Keereweer S. Current
Intraoperative Imaging Techniques to Improve
Surgical Resection of Laryngeal Cancer: A Systematic
Review. Cancers (Basel). 2021; 13:1895.
https://doi.org/10.3390/cancers13081895
PMID:33920824

. Zhao Y, Jiang S, Zhang J, Guan XL, Sun BG, Sun L. A

virulent Bacillus cereus strain from deep-sea cold
seep induces pyroptosis in a manner that involves
NLRP3 inflammasome, JNK pathway, and lysosomal
rupture. Virulence. 2021; 12:1362-76.
https://doi.org/10.1080/21505594.2021.1926649
PMID:34009097

Tang D, Kang R, Berghe TV, Vandenabeele P, Kroemer
G. The molecular machinery of regulated cell death.
Cell Res. 2019; 29:347-64.
https://doi.org/10.1038/s41422-019-0164-5
PMID:30948788

Liu X, Zhang Z, Ruan J, Pan Y, Magupalli VG, Wu H,
Lieberman J. Inflammasome-activated gasdermin D
causes pyroptosis by forming membrane pores.
Nature. 2016; 535:153-8.
https://doi.org/10.1038/nature18629
PMID:27383986

Ding J, Wang K, Liu W, She Y, Sun Q, Shi J, Sun H,
Wang DC, Shao F. Pore-forming activity and structural
autoinhibition of the gasdermin family. Nature. 2016;
535:111-6.

https://doi.org/10.1038/nature18590
PMID:27281216

Rogers C, Fernandes-Alnemri T, Mayes L, Alnemri D,
Cingolani G, Alnemri ES. Cleavage of DFNAS5 by
caspase-3 during apoptosis mediates progression to
secondary necrotic/pyroptotic cell death. Nat
Commun. 2017; 8:14128.
https://doi.org/10.1038/ncomms14128
PMID:28045099

Jiang M, Qi L, Li L, Li Y. The caspase-3/GSDME signal
pathway as a switch between apoptosis and
pyroptosis in cancer. Cell Death Discov. 2020; 6:112.
https://doi.org/10.1038/s41420-020-00349-0
PMID:33133646

Yu P, Zhang X, Liu N, Tang L, Peng C, Chen X.
Pyroptosis: mechanisms and diseases. Signal
Transduct Target Ther. 2021; 6:128.
https://doi.org/10.1038/s41392-021-00507-5
PMID:33776057

Wu D, Wang S, Yu G, Chen X. Cell Death Mediated by
the Pyroptosis Pathway with the Aid of
Nanotechnology: Prospects for Cancer Therapy.
Angew Chem Int Ed Engl. 2021; 60:8018-34.
https://doi.org/10.1002/anie.202010281
PMID:32894628

www.aging-us.com

25972

AGING


https://doi.org/10.3322/caac.21660
https://pubmed.ncbi.nlm.nih.gov/33538338
https://doi.org/10.3390/microorganisms9061129
https://pubmed.ncbi.nlm.nih.gov/34071118
https://doi.org/10.3322/caac.21492
https://pubmed.ncbi.nlm.nih.gov/30207593
https://doi.org/10.3390/cancers13081895
https://pubmed.ncbi.nlm.nih.gov/33920824
https://doi.org/10.1080/21505594.2021.1926649
https://pubmed.ncbi.nlm.nih.gov/34009097
https://doi.org/10.1038/s41422-019-0164-5
https://pubmed.ncbi.nlm.nih.gov/30948788
https://doi.org/10.1038/nature18629
https://pubmed.ncbi.nlm.nih.gov/27383986
https://doi.org/10.1038/nature18590
https://pubmed.ncbi.nlm.nih.gov/27281216
https://doi.org/10.1038/ncomms14128
https://pubmed.ncbi.nlm.nih.gov/28045099
https://doi.org/10.1038/s41420-020-00349-0
https://pubmed.ncbi.nlm.nih.gov/33133646
https://doi.org/10.1038/s41392-021-00507-5
https://pubmed.ncbi.nlm.nih.gov/33776057
https://doi.org/10.1002/anie.202010281
https://pubmed.ncbi.nlm.nih.gov/32894628

13.

14.

15.

16.

17.

18.

19.

20.

Chung HW, Lim JB. Role of the tumor
microenvironment in the pathogenesis of gastric
carcinoma. World J Gastroenterol. 2014; 20:1667-80.
https://doi.org/10.3748/wjg.v20.i7.1667
PMID:24587646

Xu W, Song C, Wang X, Li Y, Bai X, Liang X, Wu J,
Liu J. Downregulation of miR-155-5p enhances
the anti-tumor effect of cetuximab on triple-
negative breast cancer cells via inducing cell
apoptosis and pyroptosis. Aging (Albany NY).
2021; 13:228-40.
https://doi.org/10.18632/aging.103669
PMID:33472170

LiL, Song D, Qi L, Jiang M, Wu Y, Gan J, Cao K, Li Y, Bai
Y, Zheng T. Photodynamic therapy induces human
esophageal carcinoma cell pyroptosis by targeting the
PKM2/caspase-8/caspase-3/GSDME axis. Cancer Lett.
2021; 520:143-59.
https://doi.org/10.1016/j.canlet.2021.07.014
PMID:34256094

Yuan R, Zhao W, Wang QQ, He J, Han S, Gao H,
Feng Y, Yang S. Cucurbitacin B inhibits non-small
cell lung cancer in vivo and in vitro by triggering
TLR4/NLRP3/GSDMD-dependent pyroptosis. Pharmacol
Res. 2021; 170:105748.
https://doi.org/10.1016/].phrs.2021.105748
PMID:34217831

Zhang Y, Li F, Wang L, Lou Y. A438079 affects
colorectal cancer cell proliferation, migration,
apoptosis, and pyroptosis by inhibiting the P2X7
receptor. Biochem Biophys Res Commun. 2021;
558:147-53.
https://doi.org/10.1016/].bbrc.2021.04.076
PMID:33915328

Wang Y, Gao W, Shi X, Ding J, Liu W, He H, Wang K,
Shao F. Chemotherapy drugs induce pyroptosis
through caspase-3 cleavage of a gasdermin. Nature.
2017; 547:99-103.
https://doi.org/10.1038/nature22393
PMID:28459430

Lu H, Zhang S, Wu J, Chen M, Cai MC, Fu Y, Li W,
Wang J, Zhao X, Yu Z, Ma P, Zhuang G. Molecular
Targeted Therapies Elicit Concurrent Apoptotic and
GSDME-Dependent Pyroptotic Tumor Cell Death. Clin
Cancer Res. 2018; 24:6066—-77.
https://doi.org/10.1158/1078-0432.CCR-18-1478
PMID:30061362

Avrutsky MI, Troy CM. Caspase-9: A Multimodal
Therapeutic Target With Diverse Cellular Expression

in Human Disease. Front Pharmacol. 2021; 12:701301.

https://doi.org/10.3389/fphar.2021.701301
PMID:34305609

22.

23.

24.

25.

26.

27.

28.

. Tamura M, Tanaka S, Fujii T, Aoki A, Komiyama H,

Ezawa K, Sumiyama K, Sagai T, Shiroishi T. Members
of a novel gene family, Gsdm, are expressed
exclusively in the epithelium of the skin and
gastrointestinal tract in a highly tissue-specific
manner. Genomics. 2007; 89:618-29.
https://doi.org/10.1016/j.ygeno.2007.01.003
PMID:17350798

Wang Q, Wang Y, Ding J, Wang C, Zhou X, Gao W,
Huang H, Shao F, Liu Z. A bioorthogonal system
reveals antitumour immune function of pyroptosis.
Nature. 2020; 579:421-6.
https://doi.org/10.1038/s41586-020-2079-1
PMID:32188939

Liu X, Xia S, Zhang Z, Wu H, Lieberman J. Channelling
inflammation: gasdermins in physiology and disease.
Nat Rev Drug Discov. 2021; 20:384-405.
https://doi.org/10.1038/s41573-021-00154-z
PMID:33692549

Saeki N, Kuwahara Y, Sasaki H, Satoh H, Shiroishi T.
Gasdermin (Gsdm) localizing to mouse Chromosome
11 is predominantly expressed in  upper
gastrointestinal tract but significantly suppressed in
human gastric cancer cells. Mamm Genome. 2000;
11:718-24.

https://doi.org/10.1007/s003350010138
PMID:10967128

Moussette S, Al Tuwaijri A, Kohan-Ghadr HR, Elzein S,
Farias R, Bérubé J, Ho B, Laprise C, Goodyer CG,
Rousseau S, Naumova AK. Role of DNA methylation in
expression control of the IKZF3-GSDMA region in
human epithelial cells. PLoS One. 2017; 12:e0172707.
https://doi.org/10.1371/journal.pone.0172707
PMID:28241063

Saeki N, Kim DH, Usui T, Aoyagi K, Tatsuta T, Aoki K,
Yanagihara K, Tamura M, Mizushima H, Sakamoto H,
Ogawa K, Ohki M, Shiroishi T, et al. GASDERMIN,
suppressed frequently in gastric cancer, is a target of
LMO1 in TGF-beta-dependent apoptotic signalling.
Oncogene. 2007; 26:6488-98.
https://doi.org/10.1038/sj.0onc.1210475
PMID:17471240

Bauernfried S, Scherr MJ, Pichlmair A, Duderstadt KE,
Hornung V. Human NLRP1 is a sensor for double-
stranded RNA. Science. 2021; 371:eabd0811.
https://doi.org/10.1126/science.abd0811
PMID:33243852

Fenini G, Karakaya T, Hennig P, Di Filippo M, Beer HD.
The NLRP1 Inflammasome in Human Skin and Beyond.
Int J Mol Sci. 2020; 21:4788.
https://doi.org/10.3390/ijms21134788
PMID:32640751

www.aging-us.com

AGING


https://doi.org/10.3748/wjg.v20.i7.1667
https://pubmed.ncbi.nlm.nih.gov/24587646
https://doi.org/10.18632/aging.103669
https://pubmed.ncbi.nlm.nih.gov/33472170
https://doi.org/10.1016/j.canlet.2021.07.014
https://pubmed.ncbi.nlm.nih.gov/34256094
https://doi.org/10.1016/j.phrs.2021.105748
https://pubmed.ncbi.nlm.nih.gov/34217831
https://doi.org/10.1016/j.bbrc.2021.04.076
https://pubmed.ncbi.nlm.nih.gov/33915328
https://doi.org/10.1038/nature22393
https://pubmed.ncbi.nlm.nih.gov/28459430
https://doi.org/10.1158/1078-0432.CCR-18-1478
https://pubmed.ncbi.nlm.nih.gov/30061362
https://doi.org/10.3389/fphar.2021.701301
https://pubmed.ncbi.nlm.nih.gov/34305609
https://doi.org/10.1016/j.ygeno.2007.01.003
https://pubmed.ncbi.nlm.nih.gov/17350798
https://doi.org/10.1038/s41586-020-2079-1
https://pubmed.ncbi.nlm.nih.gov/32188939
https://doi.org/10.1038/s41573-021-00154-z
https://pubmed.ncbi.nlm.nih.gov/33692549
https://doi.org/10.1007/s003350010138
https://pubmed.ncbi.nlm.nih.gov/10967128
https://doi.org/10.1371/journal.pone.0172707
https://pubmed.ncbi.nlm.nih.gov/28241063
https://doi.org/10.1038/sj.onc.1210475
https://pubmed.ncbi.nlm.nih.gov/17471240
https://doi.org/10.1126/science.abd0811
https://pubmed.ncbi.nlm.nih.gov/33243852
https://doi.org/10.3390/ijms21134788
https://pubmed.ncbi.nlm.nih.gov/32640751

29.

30.

31

32.

33.

34,

35.

36.

37.

Elinav E, Nowarski R, Thaiss CA, Hu B, Jin C, Flavell RA.
Inflammation-induced cancer: crosstalk between
tumours, immune cells and microorganisms. Nat Rev
Cancer. 2013; 13:759-71.
https://doi.org/10.1038/nrc3611

PMID:24154716

Lamkanfi M, Dixit VM. Mechanisms and functions of
inflammasomes. Cell. 2014; 157:1013-22.
https://doi.org/10.1016/j.cell.2014.04.007
PMID:24855941

Tominaga K, Yoshimoto T, Torigoe K, Kurimoto M,
Matsui K, Hada T, Okamura H, Nakanishi K. IL-12
synergizes with IL-18 or IL-lbeta for IFN-gamma
production from human T cells. Int Immunol. 2000;
12:151-60.
https://doi.org/10.1093/intimm/12.2.151
PMID:10653850

Mantovani A, Dinarello CA, Molgora M, Garlanda C.
Interleukin-1 and Related Cytokines in the Regulation
of Inflammation and Immunity. Immunity. 2019;
50:778-95.
https://doi.org/10.1016/j.immuni.2019.03.012
PMID:30995499

Castafio Z, San Juan BP, Spiegel A, Pant A, DeCristo
MJ, Laszewski T, Ubellacker JM, Janssen SR, Dongre
A, Reinhardt F, Henderson A, Del Rio AG, Gifford
AM, et al. IL-1B inflammatory response driven by
primary breast cancer prevents metastasis-
initiating cell colonization. Nat Cell Biol. 2018;
20:1084-97.
https://doi.org/10.1038/s41556-018-0173-5
PMID:30154549

Wang Y, Zhang S, Li H, Wang H, Zhang T, Hutchinson
MR, Yin H, Wang X. Small-Molecule Modulators of
Toll-like Receptors. Acc Chem Res. 2020; 53:1046-55.
https://doi.org/10.1021/acs.accounts.9b00631
PMID:32233400

Stienstra R, Netea-Maier RT, Riksen NP, Joosten LAB,
Netea MG. Specific and Complex Reprogramming of
Cellular Metabolism in Myeloid Cells during Innate
Immune Responses. Cell Metab. 2017; 26:142-56.
https://doi.org/10.1016/j.cmet.2017.06.001
PMID:28683282

Miller SI, Ernst RK, Bader MW. LPS, TLR4 and
infectious disease diversity. Nat Rev Microbiol. 2005;
3:36-46.

https://doi.org/10.1038/nrmicro1068
PMID:15608698

Ren B, Luo S, Tian X, Jiang Z, Zou G, Xu F, Yin T, Huang
Y, Liu J. Curcumin inhibits liver cancer by inhibiting

DAMP molecule HSP70 and TLR4 signaling. Oncol Rep.

2018; 40:895-901.

38.

39.

40.

41.

42.

43.

44,

https://doi.org/10.3892/0r.2018.6485
PMID:29901164

Hsu HY, Lin TY, Hu CH, Shu DTF, Lu MK. Fucoidan
upregulates TLR4/CHOP-mediated caspase-3 and
PARP activation to enhance cisplatin-induced
cytotoxicity in human lung cancer cells. Cancer Lett.
2018; 432:112-20.
https://doi.org/10.1016/j.canlet.2018.05.006
PMID:29746926

Quan XQ, Xie ZL, Ding Y, Feng R, Zhu XY, Zhang QX.
miR-198 regulated the tumorigenesis of gastric
cancer by targeting Toll-like receptor 4 (TLR4). Eur
Rev Med Pharmacol Sci. 2018; 22:2287-96.
https://doi.org/10.26355/eurrev_201804 14817
PMID:29762851

Hsu RY, Chan CH, Spicer JD, Rousseau MC, Giannias B,
Rousseau S, Ferri LE. LPS-induced TLR4 signaling in
human colorectal cancer cells increases betal
integrin-mediated cell adhesion and liver metastasis.
Cancer Res. 2011; 71:1989-98.
https://doi.org/10.1158/0008-5472.CAN-10-2833
PMID:21363926

Salem S, Salem D, Gros P. Role of IRF8 in immune cells
functions, protection against infections, and
susceptibility to inflammatory diseases. Hum Genet.
2020; 139:707-21.
https://doi.org/10.1007/s00439-020-02154-2
PMID:32232558

Wu H, You L, Li Y, Zhao Z, Shi G, Chen Z, Wang Z, Li X,
Du S, Ye W, Gao X, Duan J, Cheng Y, et al. Loss of a
Negative Feedback Loop between IRF8 and AR
Promotes Prostate Cancer Growth and Enzalutamide
Resistance. Cancer Res. 2020; 80:2927-39.
https://doi.org/10.1158/0008-5472.CAN-19-2549
PMID:32341037

Gatti G, Betts C, Rocha D, Nicola M, Grupe V, Ditada
C, Nuiiez NG, Roselli E, Araya P, Dutto J, Boffelli L,
Fernandez E, Coussens LM, Maccioni M. High IRF8
expression correlates with CD8 T cell infiltration and
is a predictive biomarker of therapy response in
ER-negative breast cancer. Breast Cancer Res. 2021;
23:40.

https://doi.org/10.1186/s13058-021-01418-7
PMID:33766090

Ibrahim ML, Klement JD, Lu C, Redd PS, Xiao W, Yang
D, Browning DD, Savage NM, Buckhaults PJ, Morse HC
3rd, Liu K. Myeloid-Derived Suppressor Cells Produce
IL-10 to Elicit DNMT3b-Dependent IRF8 Silencing to
Promote Colitis-Associated Colon Tumorigenesis. Cell
Rep. 2018; 25:3036—-46.€6.
https://doi.org/10.1016/j.celrep.2018.11.050
PMID:30540937

www.aging-us.com

AGING


https://doi.org/10.1038/nrc3611
https://pubmed.ncbi.nlm.nih.gov/24154716
https://doi.org/10.1016/j.cell.2014.04.007
https://pubmed.ncbi.nlm.nih.gov/24855941
https://doi.org/10.1093/intimm/12.2.151
https://pubmed.ncbi.nlm.nih.gov/10653850
https://doi.org/10.1016/j.immuni.2019.03.012
https://pubmed.ncbi.nlm.nih.gov/30995499
https://doi.org/10.1038/s41556-018-0173-5
https://pubmed.ncbi.nlm.nih.gov/30154549
https://doi.org/10.1021/acs.accounts.9b00631
https://pubmed.ncbi.nlm.nih.gov/32233400
https://doi.org/10.1016/j.cmet.2017.06.001
https://pubmed.ncbi.nlm.nih.gov/28683282
https://doi.org/10.1038/nrmicro1068
https://pubmed.ncbi.nlm.nih.gov/15608698
https://doi.org/10.3892/or.2018.6485
https://pubmed.ncbi.nlm.nih.gov/29901164
https://doi.org/10.1016/j.canlet.2018.05.006
https://pubmed.ncbi.nlm.nih.gov/29746926
https://doi.org/10.26355/eurrev_201804_14817
https://pubmed.ncbi.nlm.nih.gov/29762851
https://doi.org/10.1158/0008-5472.CAN-10-2833
https://pubmed.ncbi.nlm.nih.gov/21363926
https://doi.org/10.1007/s00439-020-02154-2
https://pubmed.ncbi.nlm.nih.gov/32232558
https://doi.org/10.1158/0008-5472.CAN-19-2549
https://pubmed.ncbi.nlm.nih.gov/32341037
https://doi.org/10.1186/s13058-021-01418-7
https://pubmed.ncbi.nlm.nih.gov/33766090
https://doi.org/10.1016/j.celrep.2018.11.050
https://pubmed.ncbi.nlm.nih.gov/30540937

45.

46.

47.

48.

49.

50.

51.

52.

Liang J, Lu F, Li B, Liu L, Zeng G, Zhou Q, Chen L. IRF8
induces senescence of lung cancer cells to exert its
tumor suppressive function. Cell Cycle. 2019;
18:3300-12.
https://doi.org/10.1080/15384101.2019.1674053
PMID:31594449

Sun Q, Scott MJ. Caspase-1 as a multifunctional
inflammatory mediator: noncytokine maturation
roles. J Leukoc Biol. 2016; 100:961-7.
https://doi.org/10.1189/jlb.3MR0516-224R
PMID:27450556

Xiang H, Zhu F, Xu Z, Xiong J. Role of
Inflammasomes in Kidney Diseases via Both
Canonical and Non-canonical Pathways. Front Cell
Dev Biol. 2020; 8:106.
https://doi.org/10.3389/fcell.2020.00106
PMID:32175320

Gasparini G, Longo R, Sarmiento R, Morabito A.
Inhibitors of cyclo-oxygenase 2: a new class of
anticancer agents? Lancet Oncol. 2003; 4:605-15.
https://doi.org/10.1016/s1470-2045(03)01220-8
PMID:14554238

Schreibelt G, Bol KF, Aarntzen EH, Gerritsen WR,
Punt CJ, Figdor CG, de Vries IJ. Importance of
helper T-cell activation in dendritic cell-based
anticancer immunotherapy. Oncoimmunology.
2013; 2:e24440.

https://doi.org/10.4161/onci.24440

PMID:23894702

Budhu A, Forgues M, Ye QH, Jia HL, He P, Zanetti
KA, Kammula US, Chen Y, Qin LX, Tang ZY, Wang
XW. Prediction of venous metastases, recurrence,
and prognosis in hepatocellular carcinoma based
on a unigque immune response signature of the
liver microenvironment. Cancer Cell. 2006; 10:99-
111.

https://doi.org/10.1016/j.ccr.2006.06.016
PMID:16904609

Zhang C, Yu X, Gao L, Zhao Y, Lai J, Lu D, Bao R, Jia B,
Zhong L, Wang F, Liu Z. Noninvasive Imaging of
CD206-Positive M2 Macrophages as an Early
Biomarker for Post-Chemotherapy Tumor Relapse
and Lymph Node Metastasis. Theranostics. 2017;
7:4276-88.

https://doi.org/10.7150/thno.20999

PMID:29158825

Borst J, Busselaar J, Bosma DMT, Ossendorp F.
Mechanism of action of PD-1 receptor/ligand
targeted cancer immunotherapy. Eur J Immunol.
2021; 51:1911-20.
https://doi.org/10.1002/eji.202048994
PMID:34106465

53.

54.

55.

56.

57.

58.

59.

60.

Maio M, Blank C, Necchi A, Di Giacomo AM,
Ibrahim R, Lahn M, Fox BA, Bell RB, Tortora G,
Eggermont AMM. Neoadjuvant immunotherapy is
reshaping cancer management across multiple
tumour types: The future is now! Eur J Cancer.
2021; 152:155-64.
https://doi.org/10.1016/j.ejca.2021.04.035
PMID:34107449

Zam W, Ali L. Immune checkpoint inhibitors in the
treatment of cancer. Curr Clin Pharmacol. 2021.
[Epub ahead of print].
https://doi.org/10.2174/157488471666621032509
5022

PMID:33823768

Ferris RL. Immunology and Immunotherapy of
Head and Neck Cancer. J Clin Oncol. 2015;
33:3293-304.
https://doi.org/10.1200/JC0.2015.61.1509
PMID:26351330

Shen LF, Zhou SH, Guo Y. Role of GLUT-1 in the
Upregulation of PD-L1 Expression After Radiotherapy
and Association of PD-L1 with Favourable Overall
Survival in Hypopharyngeal Cancer. Onco Targets
Ther. 2020; 13:11221-35.
https://doi.org/10.2147/0TT.5269767
PMID:33173312

Peng S, Wang R, Zhang X, Ma Y, Zhong L, Li K, Nishiyama
A, Arai S, Yano S, Wang W. EGFR-TKI resistance
promotes immune escape in lung cancer via increased
PD-L1 expression. Mol Cancer. 2019; 18:165.
https://doi.org/10.1186/s12943-019-1073-4
PMID:31747941

Wu Y, Ju Q, Jia K, Yu J, Shi H, Wu H, lJiang M.
Correlation between sex and efficacy of immune
checkpoint inhibitors (PD-1 and CTLA-4 inhibitors). Int
J Cancer. 2018; 143:45-51.
https://doi.org/10.1002/ijc.31301

PMID:29424425

Park Y, Seo AN, Koh J, Nam SK, Kwak Y, Ahn SH,
Park DJ, Kim HH, Lee HS. Expression of the immune
checkpoint receptors PD-1, LAG3, and TIM3 in the
immune context of stage Il and Il gastric cancer
by using single and chromogenic multiplex
immunohistochemistry. Oncoimmunology. 2021;
10:1954761.
https://doi.org/10.1080/2162402X.2021.1954761
PMID:34367732

Ye Y, Dai Q, Qi H. A novel defined pyroptosis-related
gene signature for predicting the prognosis of ovarian
cancer. Cell Death Discov. 2021; 7:71.
https://doi.org/10.1038/s41420-021-00451-x
PMID:33828074

www.aging-us.com

25975

AGING


https://doi.org/10.1080/15384101.2019.1674053
https://pubmed.ncbi.nlm.nih.gov/31594449
https://doi.org/10.1189/jlb.3MR0516-224R
https://pubmed.ncbi.nlm.nih.gov/27450556
https://doi.org/10.3389/fcell.2020.00106
https://pubmed.ncbi.nlm.nih.gov/32175320
https://doi.org/10.1016/s1470-2045(03)01220-8
https://pubmed.ncbi.nlm.nih.gov/14554238
https://doi.org/10.4161/onci.24440
https://pubmed.ncbi.nlm.nih.gov/23894702
https://doi.org/10.1016/j.ccr.2006.06.016
https://pubmed.ncbi.nlm.nih.gov/16904609
https://doi.org/10.7150/thno.20999
https://pubmed.ncbi.nlm.nih.gov/29158825
https://doi.org/10.1002/eji.202048994
https://pubmed.ncbi.nlm.nih.gov/34106465
https://doi.org/10.1016/j.ejca.2021.04.035
https://pubmed.ncbi.nlm.nih.gov/34107449
https://doi.org/10.2174/1574884716666210325095022
https://doi.org/10.2174/1574884716666210325095022
https://pubmed.ncbi.nlm.nih.gov/33823768
https://doi.org/10.1200/JCO.2015.61.1509
https://pubmed.ncbi.nlm.nih.gov/26351330
https://doi.org/10.2147/OTT.S269767
https://pubmed.ncbi.nlm.nih.gov/33173312
https://doi.org/10.1186/s12943-019-1073-4
https://pubmed.ncbi.nlm.nih.gov/31747941
https://doi.org/10.1002/ijc.31301
https://pubmed.ncbi.nlm.nih.gov/29424425
https://doi.org/10.1080/2162402X.2021.1954761
https://pubmed.ncbi.nlm.nih.gov/34367732
https://doi.org/10.1038/s41420-021-00451-x
https://pubmed.ncbi.nlm.nih.gov/33828074

61.

62.

63.

64.

65.

Johnson DC, Taabazuing CY, Okondo MC, Chui AJ, Rao
SD, Brown FC, Reed C, Peguero E, de Stanchina E,
Kentsis A, Bachovchin DA. DPP8/DPP9 inhibitor-
induced pyroptosis for treatment of acute myeloid
leukemia. Nat Med. 2018; 24:1151-6.
https://doi.org/10.1038/s41591-018-0082-y
PMID:29967349

Shi J, Zhao Y, Wang K, Shi X, Wang Y, Huang H, Zhuang
Y, Cai T, Wang F, Shao F. Cleavage of GSDMD by
inflammatory caspases determines pyroptotic cell
death. Nature. 2015; 526:660-5.
https://doi.org/10.1038/nature15514
PMID:26375003

Rahl S, Shkarina K, Demarco B, Heilig R, Santos JC,
Broz P. ESCRT-dependent membrane repair
negatively regulates pyroptosis downstream of
GSDMD activation. Science. 2018; 362:956—-60.
https://doi.org/10.1126/science.aar7607
PMID:30467171

Zhou Z, He H, Wang K, Shi X, Wang Y, SuY, Wang Y, Li
D, Liu W, Zhang Y, Shen L, Han W, Shen L, et al.
Granzyme A from cytotoxic lymphocytes cleaves
GSDMB to trigger pyroptosis in target cells. Science.
2020; 368:eaaz7548.
https://doi.org/10.1126/science.aaz7548
PMID:32299851

Kayagaki N, Lee BL, Stowe IB, Kornfeld OS,
O'Rourke K, Mirrashidi KM, Haley B, Watanabe C,
Roose-Girma M, Modrusan Z, Kummerfeld S, Reja R,
Zhang Y, et al. IRF2 transcriptionally induces
GSDMD expression for pyroptosis. Sci Signal. 2019;
12:eaax4917.
https://doi.org/10.1126/scisignal.aax4917
PMID:31113851

66. Karki R, Lee E, Place D, Samir P, Mavuluri J, Sharma BR,

67.

68.

Balakrishnan A, Malireddi RKS, Geiger R, Zhu Q, Neale
G, Kanneganti TD. IRF8 Regulates Transcription of
Naips for NLRC4 Inflammasome Activation. Cell. 2018;
173:920-33.e13.
https://doi.org/10.1016/j.cell.2018.02.055
PMID:29576451

Van Opdenbosch N, Lamkanfi M. Caspases in Cell
Death, Inflammation, and Disease. Immunity. 2019;
50:1352-64.
https://doi.org/10.1016/j.immuni.2019.05.020
PMID:31216460

Chen Y, Meng J, Bi F, Li H, Chang C, Ji C, Liu W. EK7
Regulates NLRP3 Inflammasome Activation and
Neuroinflammation Post-traumatic Brain Injury. Front
Mol Neurosci. 2019; 12:202.
https://doi.org/10.3389/fnmol.2019.00202

PMID:31555089

69.

70.

71.

72.

73.

74.

75.

76.

Broz P, Dixit VM. Inflammasomes: mechanism of
assembly, regulation and signalling. Nat Rev Immunol.
2016; 16:407-20.

https://doi.org/10.1038/nri.2016.58

PMID:27291964

Sarhan J, Liu BC, Muendlein HI, Li P, Nilson R, Tang AY,
Rongvaux A, Bunnell SC, Shao F, Green DR, Poltorak A.
Caspase-8 induces cleavage of gasdermin D to elicit
pyroptosis during Yersinia infection. Proc Natl Acad
Sci US A.2018; 115:E10888-97.
https://doi.org/10.1073/pnas.1809548115
PMID:30381458

Gautheron J, Gores GJ, Rodrigues CMP. Lytic cell
death in metabolic liver disease. J Hepatol. 2020;
73:394-408.
https://doi.org/10.1016/].ihep.2020.04.001
PMID:32298766

Schwarzer R, Jiao H, Wachsmuth L, Tresch A,
Pasparakis M. FADD and Caspase-8 Regulate Gut
Homeostasis and Inflammation by Controlling MLKL-
and GSDMD-Mediated Death of Intestinal Epithelial
Cells. Immunity. 2020; 52:978-93.e6.
https://doi.org/10.1016/j.immuni.2020.04.002
PMID:32362323

Gaidt MM, Ebert TS, Chauhan D, Schmidt T,
Schmid-Burgk JL, Rapino F, Robertson AA, Cooper
MA, Graf T, Hornung V. Human Monocytes Engage
an Alternative Inflammasome Pathway. Immunity.
2016; 44:833-46.
https://doi.org/10.1016/j.immuni.2016.01.012
PMID:27037191

Kuriakose T, Man SM, Malireddi RK, Karki R,
Kesavardhana S, Place DE, Neale G, Vogel P,
Kanneganti TD. ZBP1/DAI is an innate sensor of
influenza virus triggering the NLRP3 inflammasome
and programmed cell death pathways. Sci Immunol.
2016; 1:aag2045.
https://doi.org/10.1126/sciimmunol.aag2045
PMID:27917412

Szklarczyk D, Gable AL, Nastou KC, Lyon D, Kirsch R,
Pyysalo S, Doncheva NT, Legeay M, Fang T, Bork P,
Jensen LJ, von Mering C. Correction to 'The STRING
database in 2021: customizable protein-protein
networks, and functional characterization of user-
uploaded gene/measurement sets'. Nucleic Acids Res.
2021; 49:10800.
https://doi.org/10.1093/nar/gkab835
PMID:34530444

Ben-Hur A, Elisseeff A, Guyon I. A stability based
method for discovering structure in clustered data.
Pac Symp Biocomput. 2002; 6-17.

PMID:11928511

www.aging-us.com

25976

AGING


https://doi.org/10.1038/s41591-018-0082-y
https://pubmed.ncbi.nlm.nih.gov/29967349
https://doi.org/10.1038/nature15514
https://pubmed.ncbi.nlm.nih.gov/26375003
https://doi.org/10.1126/science.aar7607
https://pubmed.ncbi.nlm.nih.gov/30467171
https://doi.org/10.1126/science.aaz7548
https://pubmed.ncbi.nlm.nih.gov/32299851
https://doi.org/10.1126/scisignal.aax4917
https://pubmed.ncbi.nlm.nih.gov/31113851
https://doi.org/10.1016/j.cell.2018.02.055
https://pubmed.ncbi.nlm.nih.gov/29576451
https://doi.org/10.1016/j.immuni.2019.05.020
https://pubmed.ncbi.nlm.nih.gov/31216460
https://doi.org/10.3389/fnmol.2019.00202
https://pubmed.ncbi.nlm.nih.gov/31555089
https://doi.org/10.1038/nri.2016.58
https://pubmed.ncbi.nlm.nih.gov/27291964
https://doi.org/10.1073/pnas.1809548115
https://pubmed.ncbi.nlm.nih.gov/30381458
https://doi.org/10.1016/j.jhep.2020.04.001
https://pubmed.ncbi.nlm.nih.gov/32298766
https://doi.org/10.1016/j.immuni.2020.04.002
https://pubmed.ncbi.nlm.nih.gov/32362323
https://doi.org/10.1016/j.immuni.2016.01.012
https://pubmed.ncbi.nlm.nih.gov/27037191
https://doi.org/10.1126/sciimmunol.aag2045
https://pubmed.ncbi.nlm.nih.gov/27917412
https://doi.org/10.1093/nar/gkab835
https://pubmed.ncbi.nlm.nih.gov/34530444
https://pubmed.ncbi.nlm.nih.gov/11928511

77. Luo J, Xie Y, Zheng Y, Wang C, Qi F, Hu J, Xu V.

Comprehensive insights on pivotal prognostic
signature involved in clear cell renal cell carcinoma
microenvironment using the ESTIMATE algorithm.
Cancer Med. 2020; 9:4310-23.
https://doi.org/10.1002/cam4.2983

PMID:32311223

78. Chen B, Khodadoust MS, Liu CL, Newman AM,

Alizadeh AA. Profiling Tumor Infiltrating Immune
Cells with CIBERSORT. Methods Mol Biol. 2018;
1711:243-59.
https://doi.org/10.1007/978-1-4939-7493-1 12
PMID:29344893

www.aging-us.com

25977

AGING


https://doi.org/10.1002/cam4.2983
https://pubmed.ncbi.nlm.nih.gov/32311223
https://doi.org/10.1007/978-1-4939-7493-1_12
https://pubmed.ncbi.nlm.nih.gov/29344893

SUPPLEMENTARY MATERIALS

Supplementary Figure

A

Risk Age Gender Grade Stage T N

BMhigh M<=60 MFEMALE G1-2 [Stagel T M N

Biow | >60 [ MALE B G3-4 M stagell [ T2 B N1
unknow [l Stageill T3 = N2

.~ Stagelv [ T4 N3
unknow unknow unknow
B Age £ «=60 B3 »60 C Gender = FEMALE 51 MALE D Grade B9 G1-2 B3 G3-4
05 0.089 0.061
8 I J 8 ! 1 8 v,
6 6 g
-3
g § :
x4 x4 x4
] . ] . = .
3 . 3 . e
. - *la
2 - *le, . H F‘ . 2 S e 2 b TR r
: - % -~ ~ . o | i :. "o ot N
? " . -r I . —
R DEN ¥ se b . '_5._'.!'5 o s t:?:_
0 . CIRA R 0 . . o .
<=560 >60 FEMALE G1-2 Ga-4
Age Gender Grade
E Stage [+] Stage! 5] Stage !l £5J Stage Il (5 Stage IV F TEMTERZETIE™ G N B2 N0 B N1 B3 N2 B N2
,oob2r . ooes 008t
0.15 03 0.13
073 0.61 0.53
10 0.24 10 0.74 , 10 . 0.0049
042 024 007
0m | o7 | 058
= = =
2 2 2
® 5 L ] L
y Tes : - - «* -. —_—
:nr—.'; —r‘_— K . —;L:— nles - o . T v
—_ Ol = — <] ’jt_ —‘#"—.‘ —'i;'ﬂ A
o . B S B2 o e 3 R~ 0 . " .
Stage | Stage Il Stage IIl Stage IV T T2 I T4 NO N1 N2 N3
Stage T N

Supplementary Figure 1. Relationship between clinical characteristics and the PRGs-based prognostic model. A heatmap (A)
and the scatter diagram illustrated age (B), gender (C), grade (D), clinical stage (E), T classification (F), and lymph node metastasis (G) were

not linked to the risk score.
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Supplementary Table

Supplementary Table 1. 47 pyroptosis-related genes.

Genes Full-names

CASP1 cysteine-aspartic acid protease-1

CASP3 cysteine-aspartic acid protease-3

CASP4 cysteine-aspartic acid protease-4

CASP5 cysteine-aspartic acid protease-5

CASP6 cysteine-aspartic acid protease-6

CASP7 cysteine-aspartic acid protease-7

CASP8 cysteine-aspartic acid protease-8

CASP9 cysteine-aspartic acid protease-9
GSDMA gasdermin A

GSDMB gasdermin B

GSDMC gasdermin C

GSDMD gasdermin D

GSDME gasdermin E

PJVK pejvakin/deafness, autosomal recessive 59
NLRC4 NLR family CARD domain containing 4
NLRP1 NLR family pyrin domain containing 1
NLRP2 NLR family pyrin domain containing 2
NLRP3 NLR family pyrin domain containing 3
NLRP6 NLR family pyrin domain containing 6
NLRP7 NLR family pyrin domain containing 7
MEFV the pyrin inflammasome gene

AIM2 Absent in melanoma 2

NOD1 nucleotide binding oligomerization domain containing 1
NOD2 nucleotide binding oligomerization domain containing 2
CARDS a caspase recruitment domain

PYCARD PYD and CARD domain containing
IL18 interleukin 18

IL1B interleukin 1 beta

IL6 interleukin 6

PLCG1 phospholipase C gamma 1

PRKACA protein kinase CAMP-activated catalytic subunit alpha
SCAF11 SR-related CTD associated factor 11
TIRAP TIR domain containing adaptor protein
TNF tumor necrosis factor

ELANE elastase, neutrophil expressed

GPX4 glutathione peroxidase 4

ZBP1 Z-DNA binding protein 1

GZMA GranzymeA

GZMB GranzymeB

TLR3 Toll-like receptor 3

TLR4 Toll-like receptor 4

RIPK1 receptor interacting protein kinase 1
RIPK3 receptor interacting protein kinase 3
IRF2 interferon regulatory factor 2

IRF8 interferon regulatory factor 8

NFKB1 nuclear factor of kB

NEK7 kinase NIMA-related kinase 7
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