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1 | INTRODUCTION

Abstract

Inflammations have been linked to tumours, suggesting a potential association be-
tween NLRP1 and cancer. Nevertheless, a systematic assessment of NLRP1's role
across various cancer types currently absent. A comprehensive bioinformatic analy-
sis was conducted to determine whether NLRP1 exhibits prognostic relevance linked
to immune metabolism across various cancers. The study leveraged data from the
TCGA and GTEx databases to explore the clinical significance, metabolic features, and
immunological characteristics of NLRP1, employing various tools such as R, GEPIA,
STRING and TISIDB. NLRP1 exhibited differential expression patterns across various
cancers, with elevated expression correlating with a more favourable prognosis in lung
adenocarcinoma (LUAD) and pancreatic adenocarcinoma (PAAD). Downregulation of
NLRP1 reduced tumour metabolic activity in LUAD. Moreover, the mutational sig-
nature of NLRP1 was linked to a favourable prognosis. Interestingly, high NLRP1 ex-
pression inversely correlated with tumour stemness while positively correlating with
tumour immune infiltration in various cancers including LUAD and PAAD. Through
extensive big data analysis, we delved into the role of NLRP1 across various tumour
types, constructing a comprehensive role map of its involvement in pan-cancer sce-
narios. Our findings highlight the potential of NLRP1 as a promising therapeutic target
specifically in LUAD and PAAD.
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number of cancer patients has kept increasing over the past few

According to the statistics from the World Health Organization
(WHO) and the International Agency for Research on Cancer (IRAC),
there were 20 million new cancer cases and 9.7 million cancer-
related deaths in 2022.! The situation has gotten worse as the

years. Therefore, it is crucial to discover novel approaches for cancer
prevention and treatment.

With the deepening of tumour immune research in recent years,
it has been found that cell metabolism is a key factor in regulating
the tumour immune microenvironment.? Furthermore, nutrient
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consumption and metabolite production can affect the immune
response, and the crosstalk among various cell types, compris-
ing tumour cells and immune cells in a certain microenvironment
also has a big influence on the tumour's growth and metastasis.>*
Inflammasomes are at the intersection of innate immune recognition
and metabolic control.”

Nucleotide-binding oligomerization domain (NOD)-like recep-
tor protein 1 (NLRP1), the first NOD-like receptor (NLR) protein,
serves as a pivotal inflammasome involved in both inflammation
and innate immunity.® NLRP1 plays a significant role in tumour
immunity as a critical gene of cell pyroptosis.”® NLRP1 may serve
a critical innate immune regulator of cancers via promoting IL-1p
and IL-18 secretion.® NLRP1 also interacts with caspase-1, which
can initiate an immune response.9 NLRP1 can prevent obesity and
metabolic syndrome through IL-18.1° Furthermore, NLRP1 inhib-
its the development of intestinal tumours in animal models.!? It
is therefore hypothesized that NLRP1 may serve as an effective
clinical biomarker and have a substantial impact on both tumour
immunity and metabolism.

Until now, only a limited number of studies have investigated the
role and function of NLRP1 in cancer studies, most of which are lim-
ited to a single type of cancer and have not studied the relationship
between NLRP1 and tumour immunity or metabolism. Therefore,
this study delves into the significant role of NLRP1 in cancer, exam-
ining its clinical significance, tumour immune characteristics, tumour
metabolic characteristics, tumour stemness, mutation effect, pro-
tein interaction network and functional pathway enrichment analy-
sis based on pan-cancer analysis. (Figure 1 provides an overview of
the study design, while Figure S1 presents a detailed study design
tree diagram.) Studying the role of NLRP1 in tumorigenesis holds im-
mense significance as it aids in enhancing our comprehension of the
molecular mechanisms underlying tumorigenesis. This comprehen-
sion serves as a pivotal scientific groundwork for devising potent and
safe anti-tumour drugs. Moreover, it empowers researchers to delve
deeper into the complexities of tumorigenesis, ultimately fostering
the development of more effective tumour treatment strategies.

2 | MATERIALS AND METHODS

2.1 | Data collection and analysis

Sangbox 3.0 webserver (http://vip.sangerbox.com/)'? were pre-
configured with the uniformly standardized data from UCSC data-
base (Genome Browser, University of California, Santa Cruz, http://
)3

genome.ucsc.edu/)™ which integrated the pan-cancer data and

partial normal sample data from The Cancer Genome Atlas (TCGA,

https://portal.gdc.cancer.gov/)'*

and major normal sample data
from Genotypic Tissue Expression (GTEx. https://gtexportal.org/
home/)!® together. Most of the pan-cancer analyses in this study
were based on predefined gene expression data in Sangerbox,12 and
the samples are shown in Table S1. Specifically, the NLRP1 expres-

sion files for each sample, along with relevant clinical parameters

such as age, gender and survival status, were retrieved from these
databases.

Solid normal tissues, primary blood samples derived from cancer
patients and primary tumour tissues were screened. The expression
values were transformed by Log, (x+0.001) for any analysis. Cancer
types with less than three samples were excluded from subsequent
analysis. Three external validation datasets (GSE10072, GSE15471
and GSE53757) were acquired from the Gene Expression Omnibus
(GEO, https://www.ncbi.nlm.nih.gov/geo/) Dataset
GSE10072 included 58 LUAD samples and 49 normal samples.
Dataset GSE15471 included with 39 PAAD samples and 39 normal
samples. Dataset GSE53757 included 72 KIRC samples and 72 nor-

mal samples. R (version 3.14.3) was used for statistical analysis. Data

database.

from two comparison groups were analysed using the Wilcoxon
rank-sum test if not otherwise stated, and p<0.05 was considered

statistically significant.

2.2 | Expression pattern analysis of NLRP1 in
tissues and cells

The Human Protein Atlas (HPA, https://www.proteinatlas.org) da-

tabase!é’

was used to describe the expression pattern of NLRP1
in various tissues and cell lines. In HPA, protein evidence scores
for genes were calculated based on UniProt protein existence
(UniProt evidence); neXtProt protein existence (neXtProt evidence);
and a Human Protein Atlas antibody- or RNA-based score (HPA

evidence).1¢Y

2.3 | Differential expression analysis of NLRP1 in
pan-cancer

The Sangerbox 3.0 webserver was used to calculate differences in
gene expression between normal and tumour samples in pan-cancer.
Additionally, box plots were created to contrast the discrepancies in
NLRP1 expression between tumour and normal samples for LUAD,
PAAD and KIRC using external validation datasets. The unmatched
Wilcoxon rank sum test was used to determine the statistical sig-
nificance of differential gene expression, with a threshold p value
of <0.05.

2.4 | Correlation analysis between NLRP1 and
tumour prognosis

)8 was utilized to

The Kaplan Meier plotter (http://kmplot.com/
determine the significance between NLRP1 gene expression and
pan-cancer prognosis. Pan-cancer module with server's default
parameter was employed to categorize patients into the high- and
low-expression groups. Optimal cutoff values were determined ac-
cording to the best-performing threshold via calculating all possi-

ble thresholds between the lowest and highest quartiles.’ Patients
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FIGURE 1 The flow chart of systematic pan-cancer analysis of NLRP1. Thirty-three cancer types from the TCGA database were
utilized to analyse the functions of NLRP1 in clinical signature, tumour immunology, metabolism, stemness and mutation characteristics.
MHC, major histocompatibility complex; NLRP1, nucleotide-binding oligomerization domain-like receptor protein 1; PPI, protein-protein
interaction; TCGA, The Cancer Genome Atlas project; TILs, tumour-infiltrating lymphocytes.

surviving beyond the chosen threshold were censored. Median sur-
vival was calculated and visualized by Kaplan-Meier survival plots.
The Cox proportional hazards regression model was built to
evaluate the prognostic significance of NLRP1 expression on both
overall survival (OS) and disease-specific survival (DSS) in each tu-
mour type by using the coxph function of the R package survival
(version 3.2-7) in Sangerbox 3.0 webserver. The log-rank test was
utilized to measure the prognostic significance with a threshold p

value of <0.05.

2.5 | Comparison analysis of NLRP1 differential
expression across single-cell types

To explore NLRP1 expression across various tumour types at the
single-cell level, we conducted gene expression analysis using the
deconvolution tool EPIC in the Gene Expression Profiling Interactive
Analysis (GEPIA2021) database (http://gepia2021.cancer-pku.cn/).%°
In this analysis, we selected the interactive option in the Cell Type
Level Expression Analysis module to display boxplots based on cell
type, enabling simultaneous visualization and comparison of gene
expression between normal and tumour tissues across specified cell

types. The statistical significance of the expressional difference in
NLRP1 was assessed using the one-way ANOVA method?! with a
p-value <0.05 indicating statistical significance.

2.6 | Protein-protein interaction (PPI) network and
enrichment analysis of NLRP1

STRING (https://cn.string-db.org/), a PPl database, was employed
to conduct the PPI network analysis (minimum required interaction
score: 0.400) of NLRP1.22 NLRP1 and its interaction genes from
the PPl network were further used for enrichment analysis using
the Kyoto Encyclopedia of Genes and Genomes (KEGG)?® and Gene
Ontology (GO),* respectively. Briefly, The KEGG and GO analyses
were conducted in R software using ‘clusterProfiler’ package (ver-
sion 3.1.0)%° which used the ‘org.Hs.eg.db’ (version 3.1.0) for the
gene ID consistent conversions.?>2?¢ The pathways and functions
were enriched with a minimum gene number of 5 from the selected
interaction genes. The Benjamini-Hochberg method was employed
to ascertain the false discovery rate (FDR) for correcting p-values in
multiple comparisons. A statistically significant threshold was set at

an FDR value less than 0.05.
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2.7 | Correlation analysis between NLRP1
expression and tumour stemness

To explore the relationship between NLRP1 expression and tumour
stemness, we obtained stemness scores based on the mRNA expres-
sion (RNAss) of each tumour sample following a previous study.?”
Pearson's correlation coefficient was calculated between RNAss and
NLRP1 expression of the tumour sample with a p-value <0.05 indi-
cating statistical significance. The lollipop chart was used to visualize

the correlation results.

2.8 | Immune microenvironment analysis of NLRP1
The Tumour Immune System Interactions Database (TISIDB) (http://
cis.hku.hk/TISIDB/index.php),?® an integrated repository portal,
provides the categories of tumour-infiltrating lymphocytes (TILs),
three types of immune-related genes (including immunostimula-
tory factors, major histocompatibility complex MHC molecules and
chemokine proteins) and immune subtypes. According to the NLRP1
expression profile, Gene-Set Variation Analysis (GSVA),?? which is
used to assess the enrichment level of gene sets, was conducted in
TISIDB to determine the relative abundance of TILs and immune-
related genes in pan-cancer. Spearman correlations were further
employed to assess the correlation between NLRP1 and the ex-
pression of 28 TILs, 45 immunostimulatory factors, 21 MHC mol-
ecules and 41 chemokine proteins and visualized using heatmaps.
In addition, the Kruskal-Wallis test®® was employed to assess the
statistical significance of NLRP1 expression variations across differ-
ent immune subtypes in each cancer and also to show the compari-
son of the expression variations among distinct immune subtypes
in five top subtype-varied cancers, followed by visualization using
barplots and violinplots, respectively. The correlation was estimated
by the Spearman test with a p-value <0.05 indicating statistical
significance.

2.9 | Gene set enrichment analysis
(GSEA) of NLRP1

To elucidate the biological functions associated with the expres-
sion of NLRP1 across 33 cancer types, the ‘clusterProfiler’ pack-
age was utilized for GSEA.3! The hallmark gene sets were acquired
from the Molecular Signatures Database (MSigDB) using the file
‘h.aII.v7.2.symboIs.gmt’.32 Cohorts with high and low expressions
of NLRP1 were distinguished based on the top and bottom 30%
thresholds for each cancer type.®? Then, potential biological path-
ways based on hallmark pathway-related gene sets in the high and
low expression groups of NLRP1 were enriched in each tumour.
Pathways with an FDR of less than 0.05 and an absolute Normalized
Enrichment Score (NES)31 greater than 1 were considered to indicate

potential biological functions linked to NLRP1.

2.10 | Correlation analysis between NLRP1 and
tumour metabolism

Gene sets of glycolysis metabolism, fatty acid metabolism and amino
acid metabolism were downloaded from MSigDB.%? For LUAD, Gene
Expression Profiling Interactive Analysis2 (GEPIA2) (http://gepia2.

cancer-pku.cn/)%

was used to analyse the relationship between
NLRP1 and these metabolisms. Pearson's correlation analysis was
employed to assess their correlation coefficients, in which the non-
log scale was used for calculation and the log scale was used for

visualization.®®

2.11 | Correlation analysis between NLRP1
mutations and tumour prognosis

A mutation frequency analysis of NLRP1 in various tumour types
was conducted utilizing the cBioPortal database (http://www.cbiop
ortal.org/).3* Concisely, the NLRP1 mutations in tumours and a pos-
sible relationship between genetic alteration in NLRP1 and survival
prognosis were investigated. The Kaplan-Meier plots were carried
out to compare prognostic disparities among the altered and unal-
tered groups within NLRP1 mutations. The log-rank test was used
to assess the statistical significance with a p-value less than 0.05

indicating statistical significance.

3 | RESULTS

3.1 | NLRP1 different expression pattern in
tissues and cells

NLRP1 expression pattern in different type of tissues and cells
was analysed via the HPA database. As depicted by Figure 2A, the
NLRP1 is highly expressed in the cerebral cortex, hippocampus,
skin, adrenal gland, lung, oral mucosa, stomach, kidney, placenta,
spleen, lymph node and tonsil. NLRP1 is the most highly expressed
in the cerebral cortex and hippocampus among these tissues.
NLRP1 expression has RNA single-cell type specificity (Figure 2B).
It is highly expressed in microglial cells, NK-cells, T cells, adipo-
cytes, B cells, early spermatids and monocytes, among which the
expression is highest in microglial cells. These results indicate that
NLRP1 exhibits distinct expression patterns across various types

of tissues and cells.

3.2 | NLRP1 differential expression in pan-cancer

NLRP1 differential expression analysis was conducted in the
Sangerbox 3.0 webserver to investigate the expression of NLRP1
in pan-cancer. NLRP1 is significantly upregulated in 9 types of tu-
mours including (GBM, LGG, KIRP, HNSC, KIRC, PAAD, LAML,
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FIGURE 2 The distinctive expression pattern of NLRP1. (A) Protein expression levels of NLRP1 in different normal tissues. (B) Expression

of NLRP1 in different types of cells.

PCPG, CHOL), while downregulated in 18 types of tumours contain-
ing (UCEC, BRCA, CESC, LUAD, ESCA, COAD, PRAD, STAD, LUSC,
SKCM, BLCA, THCA, READ, OV, TGCT, UCS, ACC, KICH) (Figure 3A).
Furthermore, external validation on three selected cancers confirms
that NLRP1 is downregulated in LUAD, while upregulated in PAAD
and KIRC (Figure 3B). These results suggest that NLRP1 is differen-

tially expressed in pan-cancer.

3.3 | Correlation between NLRP1 and tumour
prognosis

Kaplan-Meier plotter analysis was conducted to investigate the ef-
fect of differential NLRP1 expression on tumour prognosis. The
analysis reveals that high expression of NLRP1 is correlated with
poor OS for KIRC (HR=1.74, log-rank p=6e-04) (Figure 4A), in con-
trast, high expression of NLRP1 is positively related to OS in BLCA

(HR=0.67, log-rank p=0.034), ESCA (HR=0.48, log-rank p=0.042),
HNSC (HR=0.65, log-rank p=0.0017), LUAD (HR=0.58, log-rank
p=0.00019) and PAAD (HR=0.51, Log-rank p=0.0012) (Figure 4B-F).
In the other tumours, there is no significant correlation of NLRP1 with
OS. Collectively, NLRP1 emerges as a potential biomarker, as it exhibits
significant correlations with the prognosis of various types of tumours.

To demonstrate the reliability of these results, a Cox proportional
hazards regression model was developed to examine the NLRP1's
expression in various cancers. The OS Forest plot (Figure 5A) shows
that NLRP1 is a high-risk gene in two types of tumours including
KIRC (HR=1.22, p=0.02) and LGG (HR=1.39, p=0.06), while it is a
low-risk gene in four types of tumours, including PAAD (HR=0.77,
p=3.2e-4), LUAD (HR=0.83, p=4.8e-3), SKCM (HR=0.90,
p=0.02), HNSC (HR=0.87, p=0.04). In addition, the DSS forest plot
(Figure 5B) shows high expression of NLRP1 is associated with an
increased risk of death in COAD (HR=1.30, p=0.04). However, high
expression of NLRP1 is associated with a decreased risk of death
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FIGURE 3 Differential expression of NLRP1 in pan-cancer. (A) Expression of NLRP1 in multiple cancer tissues and the adjacent normal
tissues. (B) The external validation of NLRP1 abnormal expression in LUAD, PAAD and KIRC. Red indicates tumour samples, while blue
represents normal samples. *p <0.05, **p<0.01, ***p<0.001, and ****p<0.0001.

in PAAD (HR=0.78, p=1.7e-3), LUAD (HR=0.80, p=7.7e-3), and
SKCM (HR=0.90, p=0.03). Altogether, the NLRP1 expression level
is positively associated with prognosis in LUAD and PAAD.

3.4 | Potential implications of NLRP1 differential
expression across single-cell types

LUAD and PAAD patients with high levels of NLRP1 are associated
with a favourable prognosis. However, NLRP1 expression is opposite
between LUAD and PAAD. Specifically, NLRP1 is down-expressed in
LUAD, whereas over-expressed in PAAD (Figure 3). The expression
of NLRP1 in immune cells and other cells (taking macrophage and
endothelia cells as examples, respectively) is examined to better un-
derstand this phenomenon (Figure 6). In normal lung tissue, NLRP1
is expressed in both macrophage and endothelial cells. However, its
expressions in endothelial cells are obviously higher than in mac-
rophages. In LUAD, the expressions of NLRP1 are decreased signifi-
cantly in endothelial cells, while also reduce in macrophages though

minutely (Figure 6A). This observation may explain that the down-
regulation of NLRP1 accompany with the unfavourable prognosis in
LUAD. On the other hand, in normal pancreatic tissue, NLRP1 has
low expression in both cells, especially with extremely low expres-
sion in macrophages. In PAAD, the expressions of NLRP1 are in-
creased in endothelial cells, but increase with only moderation when
compared to its decrease from normal lung tissue to LUAD. In addi-
tion, NLRP1 is also upregulated significantly in macrophages when
compared to normal pancreatic tissue (Figure 6B). This finding may
rationalize that the upregulation of NLRP1 in PAAD can also improve

the prognosis of tumour patients.

3.5 | Association between NLRP1 interacting
network and immunity pathways

To investigate the biological importance and functional significance
of NLRP1, PPI analysis was conducted. Figure 7A shows that 20
proteins, including AIM2, BCL2, BCL2L1, CARD8, CASP1, CASP5,
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DDP9, GSDMD, MEFV, NAIP, NLRC4, NLRP12, NLRP2, NLRP3,
NLRP6, NLRP7, NLRP9, NOD2, PYCARD and PYDC1 form a protein
network with NLRP1. Furthermore, as shown in Figure 7B, KEGG
pathways analysis of the network proteins indicates that NLRP1
is related to the NOD-like receptor signalling pathway, legionello-
sis, Yersinia infection, amyotrophic lateral sclerosis (ALS), cytosolic

DNA-sensing pathway, necroptosis, pertussis, Salmonella infection,
pathogenic Escherichia coli infection, C-type lectin receptor signal-
ling pathway. Among these pathways, NOD-like receptor signalling
pathway is an immune-related pathway35 and the other pathways
were mostly related to infections, demonstrating the importance of
NLRP1 in immunity. Furthermore, GO enrichment analysis of these
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FIGURE 5 The forest plot for the association of NLRP1 expression with (A) overall survival (OS), and (B) disease-specific survival (DSS) in

each tumour type from TCGA. No DSS data are available for LAML.

proteins displayed that NLRP1 is significantly associated with mo-
lecular function such as adenyl nucleotide binding and peptidase
regulator activity (Figure 7C), cell composition like inflammasome
complex and mitochondrion (Figure 7D), biological processes like
defense response and response to biotic stimulus (Figure 7E). These
data indicate that NLRP1 is associated with immunity pathways and
can act as a potential immunotherapeutic target.

3.6 | Negative correlation between NLRP1 and
tumour stemness

As shown in Figure 7F, NLRP1 is negatively associated with RNAss in
30 tumours with the statistical significance, including PRAD, TGCT,
KIRC, COAD, KICH, LAML, READ, UVM, STAD, LUAD, PAAD, SKCM,
KIRP, DLBC, BRCA, CHOL, ESCA, THCA, SARC, LUSC, UCS, MESO,
CESC, UCEC, BLCA, LIHC, LGG, ACC, HNSC and OV, indicating
NLRP1 is significantly negatively associated with tumour stemness.

3.7 | Positive association between NLRP1 and
immune microenvironment

Tumour immune infiltration is strongly related to clinical relevance,

invasion, metastasis status and somatic mutation in cancer.® Thus,

we used the diverse immunological signatures to examine the re-
lationship between tumour NLRP1 inflammasome and tumour im-
munity. Strikingly, the immune microenvironment analysis of NLRP1
shows that NLRP1 expression is positively correlated with 28 differ-
ent types of TILs with statistical significance in most types of can-
cers, including LUAD and PAAD (Figure 8A).

Immunotherapy has been observed to have a substantial effect
on the outcomes of certain cancers.>” As shown in Figure 8B-D,
the expression level of NLRP1 is correlated significantly with three
types of immune pathway-related marker genes. In more detail,
NLRP1 is positively related to most MHC genes with statistical
significance in pan-tumours except for CESC, ESCA, HNSC, PCPG
and THCA (Figure 8B).
with most immune-stimulating genes except for CD276, HHLA2,
NTSE, PVR, TNFSF18 and UNBP1 in the HNSC-excluded tumours
(Figure 8C). Additionally, NLRP1 exhibits significant positive as-
sociations with the majority of chemokine proteins, except for
CCL1, CCL15, CCL16, CCL24, CCL25, CCL26, CCL27, CCL28 and
CXCL17 across pan-tumours (Figure 8D). These results illustrate

NLRP1 is also significantly associated

that the expression level of NLRP1 is notably correlated with the
immune pathways.

Since NLRP1 is associated with immune infiltrating cells and
immune pathway genes, further studies were conducted to deter-
mine whether it is related to common immune subtypes of tumours.

Figure 9A shows that NLRP1 expression is significantly variated
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among different immune subtypes in most of cancers. Specifically,
NLRP1 has top high correlations with immune subtypes in BRCA,
LUAD, PARD, PCPG and KIRC.

NLRP1 expression is significantly different in most tumour im-
mune subtypes. Figure 9B-F further show that NLRP1 is highest
expressed in the Cé subtype of BRAC, the C3 subtype of LUAD, the
C2 subtype of PRAD, the C3 subtype of PCPG and the C3 subtype
of KIRC among subtypes with more than five samples. It has been
reported that different immune subtypes have diverse influences on
tumour prognosis.%’39 The different impacts of NLRP1 on the prog-
nosis of various tumour subtypes may be explained by the variable
expression of NLRP1 in distinct subtypes of tumours.

3.8 | Association between NLRP1 and immune/
metastasis-related pathways

Insight of NLRP1 expression is significantly different in most tu-
mour immune subtypes, thus, we further evaluated the relation-
ship between NLRP1 levels and pathways using GSEA. Multiple
signalling pathways are enriched significantly in tumour samples
with high NLRP1 expression, including allograft rejection, an-
giogenesis, apical junction, apoptosis, coagulation, complement
activation, epithelial-mesenchymal transition (EMT), IL-2/STAT5
signalling, IL-6/JAK/STAT3 signalling, inflammatory response,
interferon-alpha response, interferon-gamma response, KRAS
signalling, TNF-alpha signalling via NF-kB and the p53 pathway
etc. (Figure 10). Conversely, in tumour samples with low NLRP1
expression, there is a notable enrichment of signalling pathways,

include E2F targets, G2/M checkpoint, MYC targets version 1,
MYC targets version 2 and oxidative phosphorylation (Figure 10).
Overall, the GSEA analysis suggested that high NLRP1 expression
is positively associated with immune-related pathways in tumours,
while negatively linked to metastasis-related pathways. These
findings demonstrate that NLRP1 may develop into a novel im-

munological biomarker in tumours.

3.9 | Potential association between NLRP1 and
tumour metabolic reprogramming

The interconnection between tumour immune microenvironment
and tumour metabolism offers potential improvements in tumour
immunotherapy through targeting altered tumour metabolic sys-
tem.*° For LUAD, NLRP1 expression in normal tissues is statis-
tically significantly correlated with genes regulating glycolysis
metabolism (Figure 11A,B). NLRP1 is also correlated with genes
involved in fatty acid metabolism more positively when compared
with LUAD samples (Figure 11C,D). Moreover, NLRP1 expression
in normal tissues demonstrates a positive correlation with genes
related to amino acid metabolism, although this association lacks
statistical significance. However, in tumours, there is a significant
negative correlation between NLRP1 expression and genes in-
volved in amino acid metabolism (Figure 11E,F). These data may
indicate that NLRP1 contributes to metabolic reprogramming.
The down-regulated NLRP1 decreases the tumour metabolic ac-
tivity in LUAD, demonstrating the potential relationship between
NLRP1 and tumour metabolism.
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3.10 | Connection between NLRP1 mutations and cBioPortal database, NLRP1 mutations are relatively common in
tumour prognosis SKCM (15%) and UCEC (10%) (Figure 12A). Specifically, there are

311 mutation sites in the NLRP1 (243 missense mutations, 44 trun-
Some gene mutations are common in some malignancies and cation mutations, 1 in-frame mutation, 15 shear mutations and 8

are strong predictors of tumour prognosis.**? According to the fusion mutations), with E739K being the most common mutation
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FIGURE 8 Correlations between the expression of NLRP1 and immunological signatures including (A) TILs; (B) MHC markers; (C) immune

stimulating makers; (D) chemokine proteins in pan-cancer.

(Figure 12B). In addition, the association analysis between the gene
alterations of NLRP1 and the clinical survival prognosis of pan-
cancer cases in the TCGA illustrates that the cases with the NLRP1
mutation has a good prognosis in OS (N=10,803, p=1.92%e-3) and
DSS (N=10,258, p=1.355e-3) (Figure 12C,D). Taking together,
NLRP1 mutations can act as a predictor of tumour prognosis.

4 | DISCUSSION

NLRP1 is associated with innate immunity.” It holds a crucial role in
tumour immunity as an important gene of cell pyroptosis.® In addi-
tion to immunity, NLRP1 may also be related to metabolism. It has

been reported that inflammasomes are associated with immune and
metabolic diseases.® Thus, the relationship between NLRP1 and tu-
mours has come to the foreground.

It is worthwhile to investigate the effect of NLRP1 on tumour
immunology and metabolism since it may have a variety of essential
functions in various types of tumours. Available studies previously
reported that several scorch death-related genes, including NLRP1
and NLRP3, play a key role in cancer immunity and may be employed
as prognostic factors in pancreatic,*® breast,** lung,** and head and
neck squamous cell carcinomas.*

In previous studies, the research on NLRP1 was restricted to
specific tumours and did not consider tumour immunity or immune
metabolism. Moreover, the relationship between NLRP1 mutations
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and expression level with patient prognosis, as well as NLRP1 and
tumour immunity, was unclear. According to this study, NLRP1 plays
a key role in expression, prognosis, immunity, metabolism, stemness
and mutation in pan-cancer (a summary of the results can be found
in Table 1).

Furthermore, the subsequent investigations into the functions of

NLRP1 by our study yielded intriguing discoveries.

4.1 | NLRP1is tightly linked to the tumour immune
microenvironment

Immunological checkpoint (IC) therapy offers a new idea for can-
cer treatment and increases the likelihood that more patients with
metastatic disease may have long-term clinical remission and even
be cured, but IC therapy has little impact on some patient popula-
tions.*’ Unfortunately, there are no measures to determine whether
IC therapy is effective. Thus, it is necessary to find new biomarkers
or therapeutic strategies for cancer treatment.

This study shows compelling evidence for the relationship be-
tween NLRP1 expression and immune infiltration. For example,

lower expression of NLRP1 in LUAD (Figure 3) are substantially as-
sociated with low levels of immune cell infiltration (Figure 8A) and
poor prognosis (Figures 4E and 5), which is in consistent exactly with
Shen's study.® Moreover, we report that NLRP1 expression is sig-
nificantly different in various tumours for the first time (Figure 3A)
and the variations are correlated with immune cell infiltration, im-
mune subtypes and immune-related pathways (Figures 8-10). These
findings underscore the pivotal role of NLRP1 in shaping the tumour
immune microenvironment and its potential significance in tumour
immunotherapy. By examining the relationship between NLRP1 lev-
els and the immune environment, this study aims to provide valuable
insights that could inform the development of inmunotherapy across
a range of tumours, offering novel guidance for cancer treatment.
NLRP1 and NLRP3 are two inflammasome sensors in the innate
immune system that activate inflammasome complexes by sensing
different stimuli, which in turn promote a variety of immune re-
sponses, including proinflammatory cytokines.” NLRP3 was acti-
vated after radiation and promoted IL-1 signalling on dendritic cells,
resulting in T-cell activation and antitumor immunity.50 However,
NLRP3 promotes the immune infiltration of tumours and is closely
related to immune escape by regulating 1C.>* Unlike NLRP3, NLRP1
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FIGURE 10 Association of NLRP1 expression with signalling pathways across 33 cancer types. Red represents enrichment in tumour
samples with high NLRP1 expression and blue represents enrichment in tumour samples with low NLRP1 expression.

is positively correlated with high degree of immune cells infiltration
that enhances the immune microenvironment of tumours, thereby
improving patient prognosis in tumours, such as in LUAD.® In addi-
tion, thioredoxin system serves as an intrinsic checkpoint for innate
immunity via suppressing NLRP1 activation.’? These data provide
a hint of NLRP1 may regulate IC and serve as a new immunothera-
peutic biomarker in tumours. According to Figures 7 and 10, NLRP1
mainly affects tumours through the inflammatory immune path-
ways, in which NLRP1 may play a common role with NLRP3.

4.2 | NLRP1 regulates tumour progression by
influencing the metabolic environment

The function of inflammasomes, particularly NLRP1 in tumour me-
tabolism, has not yet been investigated. By influencing the meta-
bolic environment, NLRP1 can regulate tumour progression. In the
tumour microenvironment, the main metabolites of tumour cells,
lactic acid and transforming growth factor-p (TGF-B) can inhibit
the activation of inflammasomes to escape immune surveillance.”®

The previous study revealed that increased metabolism in tumours

contributes to growth and immune escape. In this study, NLRP1 is
found to be more positively correlated with glycolysis metabolism
and fatty acid metabolism in adjacent normal tissues than in LUAD
(Figure 11A-D). Moreover, NLRP1 shows notably negative associa-
tion with amino acid metabolism in LUAD (Figure 11F). Thus, NLRP1
may prefer to reprogram tumour energy metabolism, thereby sup-
press the progression of LUAD. However, the complex mechanism
by how NLRP1 in LUAD regulates metabolic rewiring needs to be
further investigated.

4.3 | NLRP1 mutations are associated with good
tumour prognosis

We reveal that the NLRP1 mutation may be related to a good prog-
nosis for the tumours (Figure 12C,D). Since this study analyses the
effect of NLRP1 mutations in pan-cancers, the prognosis effect on
a single tumour still needs further study. However, this study shows
that NLRP1 mutations can be used as a reliable biomarker for the
prognosis with good biological characteristics and better prognostic
value in pan-cancer.
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44 |
tumour stemness

NLRP1 expression negatively correlates with

Cancer stem cells (CSCs) are characterized as a kind of self-renewing

cell type that has been identified in most cancers, which contribute

to the initiation and progression of most cancers.>* CSCs, as a minor
subpopulation in cancers, are identified based on the expression of
different cell surface markers and varied in different tumour types.55
Targeting the signals and tumour microenvironment of CSCs may be
anovel approach for cancers treatment.>®°” To date, the relationship
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between inflammasomes and tumour stemness has not been stud- of NLRP1 can be accompanied by a decrease in tumour metastasis,

ied. In this study, NLRP1 is shown to be inversely connected with the as well as a comparative reduction of the drug resistance and self-

tumour stemness index of RNAss, suggesting that high expression renewal ability of tumours.
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TABLE 1 A comparison of the findings in this study with the earlier related studies in the literature.

Thoroughly mentioned
previously

No. Interesting results

1 The expression of NLRP1 had cell specificity, and X
its distribution had tissue specificity

2 NLRP1 was significantly upregulated in 10 tumours X
and significantly downregulated in 18 tumours

3 NLRP1 expression was significantly related V48-46

to prognosis in multiple cancers. A significant
correlation existed between the elevated NLRP1
expression and the good prognosis of PAAD and
LUAD

4 RNAss tumour stemness score and NLRP1 X
expression were significantly negatively correlated
in all 33 tumours

5 The expression of NLRP1 was remarkably X
correlated with 28 infiltrating immune cells in most
tumours

6 A robust and significant relationship existed X
between NLRP1 and expression levels of
recognized immune stimulants, MHC molecules,
and chemokine proteins in most cancers

7 NLRP1 expression levels were significantly X
correlated with immune subtypes in tumours

8 NLRP1 had relatively high mutation levels in SKCM %
(15%) and UCEC (10%). NLRP1 had 311 mutation
sites in pan-cancer

9 Patients with NLRP1 mutations had a better X
prognosis in terms of OS and DSS

10 The analyses of PPI, KEGG, GO and GSEA indicate X
that NLRP1 is associated with inflammatory
response, inflammasome complex, immune-related
pathways and tumour metastasis-related pathways

11 NLRP1 expression is metabolically relevant in X
tumours such as LUAD

12 The statistically significant increase in both X
endothelial and macrophage cells of the tumour
samples compared with the normal control
may account for the reason why the elevated
expressions of NLRP1 in PAAD show a favourable
effect on the prognosis of these two cancers

Partially mentioned Explored in this

previously study
X v
(64748 J
\ v
X v
648 J
X v
X v
X v
X v
X v
X v
X v

Note: The ‘Interesting results’ column summarizes the main research and innovation points of the study. The sign v indicates that the innovation
point was described in the study. The sign x indicates that the innovation point was not mentioned. The sign \ indicates that the point was partially

mentioned in the literature.

4.5 | NLRP1 expression in immune cells positively
correlates with prognosis

Immune cell infiltration in the tumour microenvironment is
strongly associated with tumour prognosis.’®*’ NLRP1 is differ-
entially expressed in different cells. In this study, the expression
of NLRP1 in immune cells is found to be comparable in both LUAD
and normal lung tissue (Figure 6A). Nevertheless, the expression of
NLRP1 in immune cells in PAAD differed dramatically from that in
normal pancreatic tissue (Figure 6B). NLRP1 is highly expressed in
nonimmune cells such as endothelial cells, and much less present
in immune cells such as macrophages in normal pancreatic tissue

(Figure 6B). NLRP1 increase significantly in endothelial cells in
the PAAD, which may be the cause of NLRP1 being more highly
expressed in PAAD than in normal pancreatic tissue. NLRP1 also
increase notably in immune cells in the PAAD, which may be the
cause of higher expressed NLRP1 showing good prognostics in
the PAAD. In addition, NLRP1 high expressed PAAD has a high
abundance of immune cell infiltration (Figure 10), corresponding
to a good prognosis of NLRP1 in PAAD (Figure 5). Our results in-
dicate that the higher the gene-induced immune cell infiltration,
the better the prognosis, which is in accord well with earlier stud-
ies in breast cancer®® and ovarian cancer.”’ The immune cells in

LUAD and PAAD tissues may contribute to anti-tumour immune
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response. The study suggests that the different prognosis of
NLRP1 in different tumours may be related to its variable expres-

sion in different cells.

5 | CONCLUSION

This study sheds light on the multifaceted role of NLRP1 in cancer,
revealing its impact on expression, prognosis, immunity, metabolism
and stemness across various tumour types. NLRP1 emerges as a
crucial factor in the shaping tumour immune microenvironment and
regulating metabolism, with its mutations potentially offering valu-
able prognostic insights The findings underscore the importance of
further exploration into the upstream and downstream regulatory
mechanisms of NLRP1. Notably, NLRP1 exhibits distinct charac-
teristics in different tumours, suggesting its abnormal expression
influences on tumour metabolism and immune response within the
tumour microenvironment. These insights not only enhance our
understanding of NLRP1's involvement in cancer but also highlight
its potential as both a therapeutic target and prognostic marker.
However, the complexity of NLRP1's clinical significance across
cancers underscores the need for comprehensive research to fully
elucidate its mechanisms. Overall, the clinical significance of NLRP1
in cancer is important, and this study lays the foundation for future

research and applications.

AUTHOR CONTRIBUTIONS

Yong Liao: Formal analysis (equal); project administration (equal);
software (equal); writing - original draft (equal). Pinglian Yang:
Formal analysis (equal); writing - original draft (equal). Cui Yang:
Formal analysis (equal); writing - original draft (equal). Kai Zhuang:
Formal analysis (equal). Aamir Fahira: Writing - review and edit-
ing (equal). Jiaojiao Wang: Formal analysis (equal); funding acquisi-
tion (equal); project administration (equal); writing - original draft
(equal); writing - review and editing (equal). Zhiping Liu: Funding
acquisition (equal); supervision (equal); writing - review and editing
(equal). Lin Yan: Writing - review and editing (equal). Zunnan Huang:
Conceptualization (equal); funding acquisition (equal); project ad-
ministration (equal); supervision (equal); writing - review and editing

(equal).

FUNDING INFORMATION

Thanks to the Key Discipline Construction Project of Guangdong
Medical University (45G23004G), and the Science and Technology
Plan Project of Maoming (no. 2021570).

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The supplementary file provides a detailed and comprehensive
overview of both the data and methodology, which thoroughly sup-
port the findings of this study.

WlLEY 17 of 18

CONSENT
Not applicable.

ORCID

Zunnan Huang

https://orcid.org/0000-0002-5821-703X

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2024;74(3):229-263.
Leone RD, Powell JD. Metabolism of immune cells in cancer. Nat
Rev Cancer. 2020;20(9):516-531.

Patel CH, Leone RD, Horton MR, Powell JD. Targeting metabolism
to regulate immune responses in autoimmunity and cancer. Nat Rev
Drug Discov. 2019;18(9):669-688.

DePeaux K, Delgoffe GM. Metabolic barriers to cancer immuno-
therapy. Nat Rev Immunol. 2021;21(12):785-797.

Prochnicki T, Latz E. Inflammasomes on the crossroads of in-
nate immune recognition and metabolic control. Cell Metab.
2017;26(1):71-93.

Shen E, Han Y, Cai C, et al. Low expression of NLRP1 is associated
with a poor prognosis and immune infiltration in lung adenocarci-
noma patients. Aging (Albany NY). 2021;13(5):7570-7588.
Schroder K, Tschopp J. The inflammasomes. Cell.
2010;140(6):821-832.

Zhang G, Yan Z. A new definition of pyroptosis-related gene mark-
ers to predict the prognosis of lung adenocarcinoma. Biomed Res
Int. 2021;2021:8175003.

Tan MS, Tan L, Jiang T, et al. Amyloid-beta induces NLRP1-
dependent neuronal pyroptosis in models of Alzheimer's disease.
Cell Death Dis. 2014;5(8).e1382.

Murphy AJ, Kraakman MJ, Kammoun HL, et al. IL-18 production
from the NLRP1 inflammasome prevents obesity and metabolic
syndrome. Cell Metab. 2016;23(1):155-164.

Williams TM, Leeth RA, Rothschild DE, et al. The NLRP1 inflam-
masome attenuates colitis and colitis-associated tumorigenesis. J
Immunol. 2015;194(7):3369-3380.

Shen W, Song Z, Zhong X, et al. Sangerbox: a comprehensive,
interaction-friendly clinical bioinformatics analysis platform. iMeta.
2022;1(3):e36.

Lee CM, Barber GP, Casper J, et al. UCSC genome browser enters
20th year. Nucleic Acids Res. 2020;48(1):D756-D761.

Cancer Genome Atlas Research Network, Weinstein JN, Collisson
EA, et al. The cancer genome atlas pan-cancer analysis project. Nat
Genet. 2013;45(10):1113-1120.

Consortium GT. The Genotype-Tissue Expression (GTEXx) project.
Nat Genet. 2013;45(6):580-585.

Uhlen M, Oksvold P, Fagerberg L, et al. Towards a knowledge-based
Human Protein Atlas. Nat Biotechnol. 2010;28(12):1248-1250.
Uhlén M, FagerbergL, Hallstrom BM, et al. Proteomics. Tissue-based
map of the human proteome. Science. 2015;347(6220):1260419.
Lanczky A, Gyérffy B. Web-based survival analysis tool tailored
for medical research (KMplot): development and implementation.
J Med Internet Res. 2021;23(7):e27633.

Mazumdar M, Smith A, Bacik J. Methods for categorizing a prognos-
tic variable in a multivariable setting. Stat Med. 2003;22(4):559-571.
Li C, Tang Z, Zhang W, Ye Z, Liu F. GEPIA2021: integrating mul-
tiple deconvolution-based analysis into GEPIA. Nucleic Acids Res.
2021;49(W1):W242-W246.

Bewick V, Cheek L, Ball J. Statistics review 9: one-way analysis of
variance. Crit Care. 2004:;8(2):130-136.

Szklarczyk D, Gable AL, Nastou KC, et al. The STRING database
in 2021: customizable protein-protein networks, and functional


https://orcid.org/0000-0002-5821-703X
https://orcid.org/0000-0002-5821-703X

18 of 18
®o% | WILEY

23.
24.

25.

26.

27.
28.
29.
30.

31.

32.
33.
34.
35.
36.

37.

38.

39.

40.

41.

42.

43.

LIAO ET AL.

characterization of user-uploaded gene/measurement sets. Nucleic
Acids Res. 2021;49(1):D605-D612.

Kanehisa M, Goto S. KEGG: kyoto encyclopedia of genes and ge-
nomes. Nucleic Acids Res. 2000;28(1):27-30.

Gene Ontology Consortium. Gene Ontology Consortium: going
forward. Nucleic Acids Res. 2015;43:D1049-D1056.

Yu G, Wang LG, Han Y, He QY. clusterProfiler: an R package
for comparing biological themes among gene clusters. OMICS.
2012;16(5):284-287.

Cui Z, Zhai Z, Xie D, et al. From genomic spectrum of NTRK genes
to adverse effects of its inhibitors, a comprehensive genome-
based and real-world pharmacovigilance analysis. Front Pharmacol.
2024,15:1329409.

Malta TM, Sokolov A, Gentles AJ, et al. Machine learning identifies
stemness features associated with oncogenic dedifferentiation.
Cell. 2018;173(2):338-354.

Ru B, Wong CN, Tong Y, et al. TISIDB: an integrated repository
portal for tumor-immune system interactions. Bioinformatics.
2019;35(20):4200-4202.

Hanzelmann S, Castelo R, Guinney J. GSVA: gene set variation
analysis for microarray and RNA-seq data. BMC Bioinformatics.
2013;14(1):7.

Clark JSC, Kulig P, Podsiadto K, et al. Empirical investigations into
Kruskal-Wallis power studies utilizing Bernstein fits, simulations
and medical study datasets. Sci Rep. 2023;13(1):2352.
Subramanian A, Tamayo P, Mootha VK, et al. Gene set enrich-
ment analysis: a knowledge-based approach for interpret-
ing genome-wide expression profiles. Proc Natl Acad Sci USA.
2005;102(43):15545-15550.

Liberzon A, Birger C, Thorvaldsdéttir H, Ghandi M, Mesirov JP,
Tamayo P. The Molecular Signatures Database (MSigDB) hallmark
gene set collection. Cell Syst. 2015;1(6):417-425.

Tang Z, Kang B, Li C, Chen T, Zhang Z. GEPIA2: an enhanced web
server for large-scale expression profiling and interactive analysis.
Nucleic Acids Res. 2019;47(W1):W556-w560.

Gao J, Aksoy BA, Dogrusoz U, et al. Integrative analysis of com-
plex cancer genomics and clinical profiles using the cBioPortal. Sci
Signal. 2013;6(269):pl1.

Geddes K, Magalhaes JG, Girardin SE. Unleashing the thera-
peutic potential of NOD-like receptors. Nat Rev Drug Discov.
2009;8(6):465-479.

Li B, Severson E, Pignon J-C, et al. Comprehensive analyses of
tumor immunity: implications for cancer immunotherapy. Genome
Biol. 2016;17(1):174.

Clyde D. Cancer genomics: keeping score with immunotherapy re-
sponse. Nat Rev Genet. 2017;18(3):146.

Huang X, Zhang G, Tang T, Liang T. Identification of tumor antigens
and immune subtypes of pancreatic adenocarcinoma for mRNA
vaccine development. Mol Cancer. 2021;20(1):44.

Thorsson V, Gibbs DL, Brown SD, et al. The immune landscape of
cancer. Immunity. 2018;48(4):812-830.

Li X, Wenes M, Romero P, Huang SC, Fendt SM, Ho PC. Navigating
metabolic pathways to enhance antitumour immunity and immuno-
therapy. Nat Rev Clin Oncol. 2019;16(7):425-441.

Prior IA, Hood FE, Hartley JL. The frequency of Ras mutations in
cancer. Cancer Res. 2020;80(14):2969-2974.

Gammall J, Lai AG. Pan-cancer prognostic genetic mutations and
clinicopathological factors associated with survival outcomes: a
systematic review. NPJ Precis Oncol. 2022;6(1):27.

Song W, Liu Z, Wang K, et al. Pyroptosis-related genes regulate
proliferation and invasion of pancreatic cancer and serve as the
prognostic signature for modeling patient survival. Discov Oncol.
2022;13(1):39.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Xu D, Ji Z, Qiang L. Molecular characteristics, clinical implication,
and cancer immunity interactions of pyroptosis-related genes in
breast cancer. Front Med (Lausanne). 2021;8:702638.

Zhang W, Wan S, Qu Z, et al. Establishment of a prognostic signa-
ture for lung adenocarcinoma by integration of 7 pyroptosis-related
genes and cross-validation between the TCGA and GEO cohorts:
a comprehensive bioinformatics analysis. Medicine (Baltimore).
2022;101(29):e29710.

Shen Y, Li X, Wang D, et al. Novel prognostic model established
for patients with head and neck squamous cell carcinoma based on
pyroptosis-related genes. Trans| Oncol. 2021;14(12):101233.

Zhai Z, Liu W, Kaur M, et al. NLRP1 promotes tumor growth by
enhancing inflammasome activation and suppressing apoptosis in
metastatic melanoma. Oncogene. 2017;36(27):3820-3830.

Wang P, Gu Y, Yang J, et al. The prognostic value of NLRP1/NLRP3
and its relationship with immune infiltration in human gastric can-
cer. Aging. 2022;14(24):9980-10008.

Sharma P, Siddiqui BA, Anandhan S, et al. The next decade of im-
mune checkpoint therapy. Cancer Discov. 2021;11(4):838-857.

Han C, Godfrey V, Liu Z, et al. The AIM2 and NLRP3 inflammasomes
trigger IL-1-mediated antitumor effects during radiation. Sci
Immunol. 2021;6(59):eabc6998.

Ding Y, Yan Y, Dong Y, et al. NLRP3 promotes immune escape
by regulating immune checkpoints: a pan-cancer analysis. Int
Immunopharmacol. 2022;104:108512.

Zhang Z, Shibata T, Fujimura A, et al. Structural basis for
thioredoxin-mediated suppression of NLRP1 inflammasome.
Nature. 2023;622(7981):188-194.

Tu CE, Hu Y, Zhou P, et al. Lactate and TGF-beta antagonistically
regulate inflammasome activation in the tumor microenvironment.
J Cell Physiol. 2021;236(6):4528-4537.

Walcher L, Kistenmacher AK, Suo H, et al. Cancer stem cells-origins
and biomarkers: perspectives for targeted personalized therapies.
Front Immunol. 2020;11:1280.

Najafi M, Farhood B, Mortezaee K. Cancer stem cells (CSCs) in can-
cer progression and therapy. J Cell Physiol. 2019;234(6):8381-8395.
Clara JA, Monge C, Yang Y, Takebe N. Targeting signalling pathways
and the immune microenvironment of cancer stem cells—a clinical
update. Nat Rev Clin Oncol. 2020;17(4):204-232.

Huang T, Song X, Xu D, et al. Stem cell programs in cancer ini-
tiation, progression, and therapy resistance. Theranostics.
2020;10(19):8721-8743.

Wang S, Zhang Q, Yu C, Cao Y, Zuo Y, Yang L. Immune cell
infiltration-based signature for prognosis and immunogenomic
analysis in breast cancer. Brief Bioinform. 2021;22(2):2020-2031.
Yang L, Wang S, Zhang Q, et al. Clinical significance of the im-
mune microenvironment in ovarian cancer patients. Mol Omics.
2018;14(5):341-351.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Liao Y, Yang P, Yang C, et al. Clinical
signature and associated immune metabolism of NLRP1 in
pan-cancer. J Cell Mol Med. 2024;28:€70100. doi:10.1111/
jcmm.70100


https://doi.org/10.1111/jcmm.70100
https://doi.org/10.1111/jcmm.70100

	Clinical signature and associated immune metabolism of NLRP1 in pan-­cancer
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Data collection and analysis
	2.2|Expression pattern analysis of NLRP1 in tissues and cells
	2.3|Differential expression analysis of NLRP1 in pan-­cancer
	2.4|Correlation analysis between NLRP1 and tumour prognosis
	2.5|Comparison analysis of NLRP1 differential expression across single-­cell types
	2.6|Protein–protein interaction (PPI) network and enrichment analysis of NLRP1
	2.7|Correlation analysis between NLRP1 expression and tumour stemness
	2.8|Immune microenvironment analysis of NLRP1
	2.9|Gene set enrichment analysis (GSEA) of NLRP1
	2.10|Correlation analysis between NLRP1 and tumour metabolism
	2.11|Correlation analysis between NLRP1 mutations and tumour prognosis

	3|RESULTS
	3.1|NLRP1 different expression pattern in tissues and cells
	3.2|NLRP1 differential expression in pan-­cancer
	3.3|Correlation between NLRP1 and tumour prognosis
	3.4|Potential implications of NLRP1 differential expression across single-­cell types
	3.5|Association between NLRP1 interacting network and immunity pathways
	3.6|Negative correlation between NLRP1 and tumour stemness
	3.7|Positive association between NLRP1 and immune microenvironment
	3.8|Association between NLRP1 and immune/metastasis-­related pathways
	3.9|Potential association between NLRP1 and tumour metabolic reprogramming
	3.10|Connection between NLRP1 mutations and tumour prognosis

	4|DISCUSSION
	4.1|NLRP1 is tightly linked to the tumour immune microenvironment
	4.2|NLRP1 regulates tumour progression by influencing the metabolic environment
	4.3|NLRP1 mutations are associated with good tumour prognosis
	4.4|NLRP1 expression negatively correlates with tumour stemness
	4.5|NLRP1 expression in immune cells positively correlates with prognosis

	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	CONSENT
	REFERENCES


