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research and single cell
sequencing validation
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& Research center of Health Management, Guangxi Academy of Medical Sciences, Nanning, China,
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Background: The absent in melanoma 2 (AIM2) inflammasome is a multi-

protein platform that recognizes aberrant cytoplasmic double-stranded DNA

(dsDNA) and induces cytokine maturation, release, and pyroptosis. Some

studies found that the AIM2 inflammasome was a double-edged sword in

many cancers. However, there have been fewer studies on AIM2

inflammasomes in pan-cancer.

Methods: Gene expression was analyzed using The Cancer Genome Atlas

(TCGA) database and The Genotype-Tissue Expression (GTEx) database.

Immunohistochemistry (IHC) was used to validate the expression of the

AIM2. We used the survival curve to explore the prognostic significance of

the AIM2 inflammasomes in pan-cancer. Mutations and methylation of AIM2

inflammasome-related genes (AIM2i-RGs) were also comprehensively

analyzed. Single sample gene set enrichment analysis was used to calculate

the AIM2 inflammasomes score and explore the correlation of the AIM2

inflammasomes score with immune-related genes and immune infiltrations.

The function of AIM2 inflammasomes in pan-cancer was analyzed at the

single-cell level. Single-cell transcriptome sequencing (scRNA-seq) data was

used to assess the activation state of the AIM2 inflammasomes in the tumor

microenvironment.

Results: We found that AIM2i-RGs were aberrantly expressed in tumors and

were strongly associated with prognosis. In pan-cancer, the expression of

AIM2i-RGs was positively associated with copy number variation and negatively

associated with methylation. In AIM2i-RGs, missense mutations were the

predominant type of single nucleotide polymorphism. Moreover, we found

that the drugs dimethyloxallyl glycine (DMOG) and Z-LNle-CHO may be
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sensitive to the AIM2 inflammasomes. The AIM2 inflammasomes score was

significantly and positively correlated with the tumor immunity score and the

stroma score. In most tumors, the AIM2 inflammasomes score was significantly

and positively correlated with CD8+ T cell abundance in the tumor

microenvironment. Additionally, the AIM2 inflammasomes score was

significantly correlated with immune checkpoint genes in pan-cancer as well

as immune checkpoint therapy-related markers including tumor mutational

burden (TMB), microsatellite instability(MSI), and tumor immune dysfunction

and exclusion(TIDE). scRNA-seq analysis suggested that AIM2 inflammasomes

differ significantly among different cells in the tumor microenvironment. IHC

confirmed low expression of AIM2 in colorectal cancer.

Discussion: AIM2 inflammasomes may be a new target for future tumor

therapy It is likely involved in tumor development, and its high expression

may serve as a predictor of tumor immunotherapy efficacy.
KEYWORDS

AIM2 inflammasomes, single-cell transcriptome sequencing, pan-cancer, immunotherapy,
tumor microenvironment
Introduction

Tumors, one of the causes of high morbidity and mortality,

accounted for 740,000 deaths worldwide in 2021, that is,

approximately >13% of all deaths (1). In the course of cancer

research, the relationship between cancer and immune cells has

gradually gained attention as the seventh major feature, in

addition to the six major features such as self-sufficiency of

cancer growth signals, unlimited replication potential, evasion

of apoptosis, insensitivity to anti-growth signals, sustained

angiogenesis, and tissue invasion/metastasis. In recent years,

the emergence of cancer immunotherapy has transformed

cancer treatment by modulating the relationship between the

human immune system and cancer (2).Unfortunately, most

people show limited or no response to it, and the effectiveness

of cancer immunotherapy still needs to be improved

(3).Therefore, it is valuable to identify people who are

sensitive to immunotherapy prior to treatment. Therefore,

there is an urgent need to find a molecular biomarker that

can predict clinical outcomes and rate the effectiveness

of immunotherapy.

In the study of the relationship between cancer and

inflammation, it was found that inflammation plays a critical

role in the occurrence, development, progression, angiogenesis,

and invasion of cancer (4). Inflammasomes are multimeric

protein complexes that form in cells (5) and play an important

role in host defense (6), auto-inflammation (7), cancer (8),

neurodegenerative diseases, cardiovascular diseases, obesity

and associated metabolic syndrome (9). After recognizing the
02
double-stranded DNA (ds DNA), absent in melanoma 2 (AIM2)

inflammasomes, the prototype, and most characteristic member

of the AIM2-like receptor (ALR) induce the activation of

cysteine protease caspase-1 by aggregating an articulated

protein ASC (CARD-containing apoptosis-associated specific

protein), and this activation can lead to the inflammatory

cytokine interleukin (IL)-1b and pre-IL-18 maturation and

release, which eventually becomes active (5). Early studies

found that the overexpression of AIM2 could reverse the

melanoma phenotype (10).Therefore, AIM2 has always been

present as a tumor suppressor. In contrast, AIM2 is thought to

be an oncogenic factor in squamous cell carcinoma (SCC) of the

skin and endometrial cancers (11, 12). In the absence of AIM2,

the growth of SCC is inhibited by inducing cell cycle regulatory

genes that inhibit cell death and promote cell proliferation (12).

The mechanism may be due to the indirect effect of cytokines

released by SCC cells on the activation of AIM2 inflammasomes.

Because of the different immune responses of AIM2

inflammasomes, they are considered a double-edged sword in

many cancers. For example, in AIM2 overexpression and

silencing in hepatocellular carcinoma cells (HCC) studies, the

anticancer effect of AIM2 was mediated by inflammasomes and

induced by pyroptosis. Hepatitis B virus x protein-induced

AIM2 deficiency was associated with increased cell migration

and invasion (13, 14).In contrast, AIM2 gene deletion resulted in

reduced l iver injury and tumor development in a

diethylnitrosamine-induced mouse model of hepatocellular

carcinoma, suggesting that AIM2 plays a deleterious role in

the development of HCC (15). Finally, AIM2 inflammasome is
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low expressed in Melanoma (16, 17), Colon cancer (18),

Hepatocellular carcinoma (14, 15), Renal carcinoma (19, 20),

Breast cancer (21), Prostate cancer (22, 23), playing a tumor

suppressive role. It is highly expressed in SCC and plays a tumor

promoting role. What’s more, AIM2 inflammasome inhibits the

proliferation of cancer cells in glioblastoma multiform (16).

Although the role of AIM2 have been reported in limited

types of cancers. However, there have not been many studies on

AIM2 in pan-cancer yet. We performed a pan-cancer analysis of

AIM2 in multiple cancer types using The Cancer Genome Atlas

(TCGA) database. We further explored the association of AIM2

in cancer through prognosis analysis, immune infiltration

analysis, methylation level analysis, and tumor purity. These

findings provide important insights for future studies on AIM2

in pan-cancer.
Method

Single-cell transcriptome sequencing
data analysis

The preparation and data analysis of scRNA-Seq was

performed as previously described (24). The single-cell

sequencing datasets was downloaded from GEO database

(GSE152938). In brief, fresh tumor samples were obtained

from the operating room to the laboratory in cold Hank’s

balanced salt solution. After the samples were washed and

were cut into 2–4 mm pieces. The tissue species were digested

for 30 min at 37°C with gentle agitation in a digestion solution in

HBSS. Samples were washed, filtered, erythrocytes removed and

cell viability assayed before single cell sequencing. Two kidney

renal clear cell carcinoma (KIRC) samples were collected from

patients undergoing radical nephrectomy. The patients were not

receiving any anti-tumor treatment therapy prior to sampling,

including chemotherapy, radiotherapy, immunotherapy and

Chinese medicine. All samples were sequenced using the Hiseq

X10 (Illumina, San Diego, CA) with standard parameters.

Preliminary sequencing files (.bcl) were converted to FASTQ

files on CellRanger (version 3.0.2). R (version 3.5.2) and Seurat R

package (version 3.1.1) were used for Quality Control (QC) and

secondary analysis.
Paraffin-embedded tissue collection

Paired cancers and paracancerous tissues were derived from

114 colon cancer patients from the Affiliated Cancer Hospital of

Guangxi Medical University. There were 64 males and 50

females with a mean age of 65.57 years, stage I-II 46 cases and

stage III-IV 68 cases. All patients were diagnosed with colon

cancer and had not received chemotherapy or radiotherapy

before tissue collection. Tumor specimens are all derived from
Frontiers in Immunology 03
surgically excised specimens and the time between isolation and

fixation does not exceed 30 minutes. Written informed consent

was acquired from all patients. The study was approved by the

Ethics and Anthropology Committee of the Affiliated Cancer

Hospital of Guangxi Medical University. All experiments and

methods were performed in accordance with relevant guidelines

and regulations.
Immunohistochemical staining

All cancer specimens were immersed in formalin. Before

staining, tissues were cut to 5 mm thickness and placed on glass

slides. Endogenous peroxidase activity was inhibited and

blocked by de-paraffinizing, rehydrating, and using 5% bovine

serum albumin at 37°C for 30 min. The treated sections were

incubated with anti-AIM2 (Signalway Antibody LLC, #36253) at

4°C overnight and washed three times with PBS. After that,

incubation with secondary anti-peroxidation sunflower at 37°C

for 30 minutes is required. After washing three times again with

PBS, the sections were developed in diaminobenzidine and

microscopic images were made by light microscopy.
Data collection

The UCSC XENA database was used to download the TCGA

and GTEx RNA expression spectra and clinical data, respectively

(25). The TCGA database contains a total of 33 common tumors,

please refer to Supplementary Table 1 for the full names and

abbreviations of the tumors. Copy number variation (CNV) data

and methylation data were gathered from the TCGA. We used

the GTEx database to analyze gene performance in normal

tissues (26).
Survival analysis

We performed univariate Cox regression analysis and

Kaplan-Meier survival analysis using the R package. Univariate

Cox regression analysis was used to assess the correlation of the

expression of AIM2 inflammasomes with overall survival (OS),

disease-specific survival (DSS), and progression-free interval

(PFI) (25). Kaplan-Meier survival profiles were used to analyze

and contrast disparities in survival time (27).
Immune cell infiltration analysis

We analyzed the correlation of AIM2 inflammasomes with

tumor-infiltrating immune cells, immune-activating genes,

immune suppressor genes, chemokines, and chemokine

receptors using single-sample gene set enrichment analysis
frontiersin.org
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(ssGSEA). Immune scores represented the infiltration of

immune cells in tumor tissues.
Methylation analysis

DNA methylation maps of patients were downloaded from

the TCGA database (27). Methylation datasets of matched

tumors and normal specimens from 14 cancer types were

studied. The spearman’s correlation coefficient was used to

compute the correlation of paired mRNA expression with the

methylation dataset, which was then subjected to the t-

distribution test. False discovery rate (FDR) adjusted p-values

were used to identify genes with an FDR ≤0.05. Cox regression

was implemented to estimate the hazard (risk of death). The

hypermethylation group exhibited worse survival if the hazard

ratio was >0. Hyper-worse was classified as high risk; otherwise,

it was considered low risk (26).
Pathway exploration for AIM2
inflammasomes at the single-cell level

To get further insight into the function and pathways of the

AIM2 inflammasome in pan-cancer, we searched different

databases. The Cancer Single-Cell State Atlas (CancerSEA)

database (http://biocc.hrbmu.edu.cn/CancerSEA/) provides

diverse functional states of specific genes at the single-cell level

in different cancer types, allowing researchers to bypass the

limitation of tumor heterogeneity. Correlations between AIM2

inflammasomes and functional states in various cancers were

performed based on the CancerSEA database.
Evaluation of the AIM2 inflammasomes
score

The AIM2 inflammasomes score was calculated based

on ssGSEA using the AIM2 inflammasome-related gene

set, which was downloaded from the GSEA database

(AIM2_INFLAMMASOME_COMPLEX), to quantify the

expression levels of these genes for each cancer. R software

gene set variation analysis package was used to perform the

ssGSEA, which calculated the enrichment score of a gene set

in a given sample.
TIDE score analysis of AIM2
inflammasomes

A potential immune checkpoint blockade (ICB) response

was predicted using the TIDE algorithm. TIDE utilizes a suite of

gene expression markers to evaluate two separate mechanisms of
Frontiers in Immunology 04
tumor immune evasion, including dysfunction of tumor-

infiltrating cytotoxic T lymphocytes (CTL) and rejection of

CTL by immunosuppressive factors. Patients with high TIDE

scores show a greater chance of tumor immune escape, and

therefore, have a lower reaction rate to ICB treatment.
Drug sensitivity analysis

The small molecules (n = 265), cell lines(n=860) and genes

(n=17419) were collected from the Genomics of Drug Sensitivity

in Cancer (GDSC) database. Analysis of the correlations among

gene expression and drug sensitivity according to the method

employed by Rees et al. (28). The half maximal inhibitory

concentration (IC50) values for drugs and gene expression

profiles for all cancer cell lines were downloaded from the

GDSC. The Spearman’s correlation coefficients of the

transcript levels and IC50 were calculated.
Statistical analysis

Gene expression associations were estimated using

Spearman’s correlation test. Student ‘s T test was used to

compare the gene expression differences between the two

groups. Kaplan-Meier survival curve was utilized to assess the

prognostic significance of the indexes. Cox proportional risk

models were applied to compute adjusted risk ratios. P < 0.05

was considered statistically significant (26).
Result

Differential expression of AIM2-related
genes in pan-cancer and its impact
on prognosis

We first assessed the expression of AIM2i-RGs in tumors

and found that the expression of AIM2i-RGs differed in different

tumors, suggesting that the expression pattern of AIM2i-RGs is

tumor-specific (Figure 1A).

In a differential expression analysis of AIM2i-RGs in 33

tumors, we found that PYCARD had significantly higher

expression in Bladder Urothelial Carcinoma (BLCA), Breast

invasive carcinoma (BRCA), Cervical squamous cell carcinoma

and endocerv ica l adenocarc inoma (CESC) , Colon

adenocarcinoma (COAD), Esophageal carcinoma (ESCA),

Glioblastoma multiforme (GBM), KIRC, Kidney renal

papillary cell carcinoma (KIRP), Acute Myeloid Leukemia

(LAML), Brain Lower Grade Glioma (LGG), Liver

hepatocellular carcinoma (LIHC), Pancreatic adenocarcinoma

(PAAD), Rectum adenocarcinoma (READ), Stomach

adenocarcinoma (STAD), Testicular Germ Cell Tumors
frontiersin.org
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(TGCT), Thyroid carcinoma(THCA), and Uterine Corpus

Endometrial Carcinoma(UCEC) (all P < 0.05). In contrast,

CASP12 had significantly higher expression in CESC, COAD,

ESCA, KIRP, Prostate adenocarcinoma (PRAD), READ, Skin

Cutaneous Melanoma (SKCM), STAD, and TGCT and lower

expression in BLCA, BRCA, Lymphoid Neoplasm Diffuse Large

B-cell Lymphoma (DLBC), KIRC, Lung adenocarcinoma

(LUAD), Lung squamous cell carcinoma (LUSC), Ovarian

serous cystadenocarcinoma (OV), PAAD, THCA, Thymoma

(THYM), UCEC, and Uterine Carcinosarcoma(UCS) (all P <

0.05). AIM2 had significantly higher expression in DLBC,

LAML, LUAD, LUSC, and PRAD and lower in BLCA, BRCA,

CESC, COAD, ESCA, GBM, Head and Neck squamous cell

carcinoma (HNSC), KIRC, LGG, OV, PAAD, SKCM, STAD,

and THYM (all P < 0.05) (Figure 1B). In our analysis of the

prognostic effect of the expression of AIM2i-RGs, we found that:
Frontiers in Immunology 05
High expression of the PYCARD showed a good prognosis in

BRCA, STAD, and Uveal Melanoma(UVM)and was a protective

factor for patients. High expression of the PYCARD showed a

bad prognosis in KIRC, KIRP, and LGG and was a hazard factor

for patients. High expression of CASP12 showed a good

prognosis in GBM, HNSC, KIRC, PAAD, and SKCM. High

expression of CASP12 showed a bad prognosis in KIRP, STAD,

and UVM. High expression of the AIM2 showed a good

prognosis in BLCA, OV, and SKCM. High expression of the

AIM2 showed a bad prognosis in KIRC, KIRP, and UVM. High

expression of CASP1 showed a good prognosis in MESO and

STAD. High expression of CASP1 showed a bad prognosis in

LAML, LGG, LIHC and THYM. High expression of CASP4

showed a good prognosis in MESO. High expression of CASP1

showed a bad prognosis in GBM, KIRC, LGG, LIHC, LUSC,

PAAD (Figure 1C, all P < 0.05).
B

C

A

FIGURE 1

Differential expression of AIM2 inflammasome-related genes (AIM2i-RGs) in pan-cancer and its impact on prognosis. (A) Expression analysis of
AIM2i-RGs in 33 tumors. Red represents high expression and blue represents low expression. (B) Differential expression analysis of AIM2i-RGs. Red
indicates high expression in the tumor, blue indicates low expression in the tumor, and the larger the circle the smaller the P-value (Student’s t-test).
(C) Analysis of the prognostic effect of the expression of AIM2i-RGs. Blue indicates Hazard Rate (HR) <1 and red indicates HR >1. (**p < 0.01,
***p < 0.001; COX regression).
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Analysis of AIM2i-RGs and gene mutation

We further investigated the genetic variation analysis of AIM2i-

RGs in 33 different tumors and found that they were associated with

CNV in the vast majority of tumors. For the CASP12, Het

Amplification was the predominant type of CNV in DLBC,

UVM, LGG, and Kidney Chromophobe (KICH). Het Deletion

was the predominant type of CNV in READ, STAD, LUSC, UCEC,

LIHC, THYM, BRCA, Cholangiocarcinoma (CHOL), ESCA,

Adrenocortical carcinoma (ACC), BLCA, GBM, UCS, Sarcoma

(SARC), HNSC, CESC, Pheochromocytoma and Paraganglioma

(PCPG), SKCM, and TGCT. For the AIM2, Het Amplification was

the predominant type of CNV in the majority of tumors, and Het

Deletion was the predominant type of CNV in the AIM2 only in

KICH (Figure 2A).

We analyzed the correlation between the expression levels of

AIM2i-RGs and CNV. The expression of CASP1 was positively

correlated with CNV in STAD, KIRP, TGCT, THYM, LUAD,

CESC, BLCA, LUSC, PAAD, ESCA, OV, SKCM, BRCA, and

HNSC (Figure 2B, all p < 0.05). The expression of AIM2 was

positively correlated with CNV in KIRP, KIRC, KICH, THYM,

and CESC and negatively correlated with CNV in LIHC, STAD,

LUAD, PAAD, SKCM, BRCA, and HNSC (Figure 2B, all p <

0.05). The above results show that CNV was one of the factors

contributing to the elevated expression of the genes

mentioned above.

We analyzed the mutations and variant types of AIM2i-RGs

in each tumor (Figure 2C) and found that among the five genes,
Frontiers in Immunology 06
CASP1 had a higher percentage of single nucleotide variants

(SNVs) in UCEC (32%). AIM2 had a higher percentage of SNVs

in UCEC, SKCM, LUSC, COAD, STAD, LUAD, and OV, with

AIM2 accounting for the highest proportion of SNVs in UCEC

(21%). CASP4 had a higher percentage of SNVs in UCEC,

SKCM, LUSC, COAD, STAD, and LUAD, with CASP4

accounting for the highest proportion of SNVs in UCEC

(19%). Generally, PYCARD had a low proportion of SNV in

the pan-cancer gene variants, with a maximum of 3% SNV in

UCEC (Figure 2C). Missense mutations were the most common

type of singly nucleotide polymorphisms (SNPs) for the above

five genes in pan-cancer (Figure 2D), with CASP1 accounting for

the highest percentage of SNPs at 39%. The remaining genes

were AIM2 (33%), CASP4 (29%), PYCARD (9%), and CASP12

(7%) (Figure 2D).
Differential analysis of methylation of
AIM2i-RGs in pan-cancer

Changes in DNA methylation have been observed in a

variety of cancers, and they are thought to contribute to

carcinogenesis. We analyzed the differential methylation of

AIM2i-RGs in 14 tumors to better understand the

mechanisms by which AIM2i-RGs affect tumorigenesis. We

found that among the 14 tumors, AIM2 had low methylation

levels in 12 tumors (PRAD, ESCA, UCEC, KIRP, COAD, BLCA,

LIHC, LUAD, LUSC, HNSC, KIPC, and BRCA), on the other
B

C D

A

FIGURE 2

Distribution of copy number variation (CNV) pie charts for AIM2 inflammasome-related genes (AIM2i-RGs) with oncogene variant analysis in 33
tumors (A) Each CNV pie chart represents the CNV combinations of homozygous/heterozygotes of each AIM2i-RGs in each tumor. A single pie
represents the proportional distribution of the different types of CNVs for a single gene in single cancer, with different colors representing the
different types of CNVs. Heterozygous Amplification and Heterozygous Amplification; Homozygous Amplification and Homozygous
Amplification; Heterozygous Deletion and Heterozygous Deletion; Homozygous Deletion and Homozygous Deletion; None, no CNV. (B)
Correlation of CNV with mRNA expression. The size of the points represents statistical significance; the larger the point, the higher the statistical
significance (Spearman’s correlation test). (C) Single nucleotide variant (SNV) frequencies of AIM2i-RGs in 26 tumors. Color shades represent the
magnitude of mutation frequencies. The number size represents the frequency of samples with the corresponding mutated gene for particular
cancer. No number indicates that no mutation has occurred in any region of the gene, and “0” indicates that no mutation has occurred in the
coding region of the gene. (D) SNV Oncoplot. The side and top bar graphs show the number of variants in each sample or gene.
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hand, AIM2 had high methylation levels in only one tumor

(THCA) (all P < 0.05). PYCARD had high methylation levels in

PRAD, THCA, UCEC, COAD, BLCA, and LUAD, and low

methylation levels in PAAD, ESCA, LIHC, HNSC, KIRC, and

BRCA (all P < 0.05) (Figure 3A). Meanwhile, by analyzing the

correlation between the expression of AIM2i-RGs and

methylation in 33 tumors, we also found that the expression of

AIM2 was negatively correlated with methylation in SKCM,

THCA, LUAD, ACC, COAD, BLCA, TGCT, LGG, KIRP, BRCA,

Rectum adenocarcinoma Esophageal carcinoma (READ), LUSC,

SARC, KIRC, LIHC, STAD, LAML, HNSC, CESC, UVM, ESCA,

Mesothelioma (MESO), UCEC, PRAD, PAAD, KICH, PCPG,

Lymphoid Neoplasm Diffuse Large B-cell Lymphoma (DLBC),

THYM, and CHOL (all P < 0.05). The expression of PYCARD

was negatively correlated with methylation in SKCM, THCA,

LUAD, ACC, COAD, BLCA, TGCT, LGG, KIRP, BRCA, READ,

LUSC, SARC, KIRC, LIHC, STAD, LAML, HNSC, CESC, UVM,

ESCA, MESO, UCEC, PRAD, PAAD, KICH, GBM, PCPG, and

THYM (all P < 0.05). The expression of CASP1 was negatively

correlated with the methylation levels in SKCM, THCA, LUAD,

ACC, COAD, BLCA, TGCT, LGG, KIRP, BRCA, READ, LUSC,

SARC, KIRC, LIHC, STAD, LAML, HNSC, CESC, UVM, ESCA,

UCEC, PRAD, PAAD, KICH, GBM, PCPG, UCS, and CHOL

(all P < 0.05) (Figure 3B).
Drug sensitivity analysis of AIM2i-RGs

Genomic aberrations influence clinical response to therapy,

which could be used as a potential biomarker for cancer drug

screening. We integrated drug sensitivity (IC50) and gene

expression profile data to better understand the role of AIM2i-

RGs in chemotherapy or targeted therapy. Spearman’s

correlation analysis showed that the expression of CASP4,

PYCARD, CASP1, and AIM2 was negatively correlated with

drug sensitivity to AUY922, Bosutinib, dimethyloxallyl glycine
Frontiers in Immunology 07
(DMOG), and Z-LNle-CHO (all P < 0.05) (Figure 4). These

results suggest that modulating the expression of AIM2i-RGs

may help improve sensitivity to chemotherapy and targeted

drug therapy.
Immunohistochemical validation of
AIM2 expression

We examined the expression of AIM2 in 114 pairs of colorectal

cancers versus paracancerous using immunohistochemistry and

showed that AIM2 was significantly low expressed in colorectal

cancers (Figures 5A, B, P=0.026). Survival analysis suggested that

the OS of colorectal cancer patients in the low AIM2 group was

significantly lower than that in the high expression group

(Figure 5C, P=0.036), which was consistent with our analysis and

previous reports (29–32).
Differential expression of the AIM2
inflammasomes score and correlation
with staging

We constructed an AIM2 inflammasomes score based on the

ssGSEA algorithm to comprehensively assess the status of the

AIM2 inflammasomes. We explored the association between the

AIM2 inflammasomes score and AIM2i-RGs, and the results

showed that the AIM2 inflammasomes score was significantly

positively correlated with AIM2i-RGs (Figure 6A). Additionally,

we observed significant strong correlations between AIM2i-RGs,

suggesting a close association between the AIM2i-RGs

(Figure 6A). In GTEx and TCGA, we estimated AIM2

inflammasomes scores between tumor and normal samples

from 33 cancers. AIM2 inflammasomes scores were significantly

increased in cancer samples than in normal samples, including in

BLCA, CESC, COAD, DLBC, ESCA, GBM, HNSC, KIRC, KIRP,
BA

FIGURE 3

Differential methylation analysis of AIM2 inflammasome-related genes in pan-cancer (A) Differential methylation of AIM2i-RGs in 14 tumors. The
different shades of color indicate the magnitude of the methylation levels, with red dots representing increased methylation in tumors and blue
dots representing decreased methylation in tumors (Student’s t-test). (B) Correlation of methylation with the mRNA gene expression. The
different shades of color indicate the magnitude of the correlation, with red dots representing positive correlation and blue dots representing
negative correlation (Spearman’s correlation test).
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LAML, LGG, LIHC, OV, PAAD READ, SKCM, STAD, and

TGCT (all P < 0.05). AIM2 inflammasomes scores were

expressed at lower levels in BRCA, LUAD, LUSC, PRAD,

THYM, and UCS than in normal samples (all P < 0.05)

(Figure 6B). Most tumors had higher AIM2 inflammasomes

scores than normal samples, suggesting that AIM2

inflammasomes may play a vital role in tumor development.

We further investigated the pan-cancer expression levels of

the AIM2 inflammasomes scores at different stages. We found

that AIM2 inflammasomes scores were significantly elevated

in the early stages in COAD, HNSC, and LIHC (all P < 0.05). In
Frontiers in Immunology 08
contrast, AIM2 inflammasomes scores were only detected in

KIRC with elevated scores in the late tumor stages

(Supplementary Figure 1).
Prognostic significance of the AIM2
inflammasomes score in tumors

To explore the correlation between the expression of AIM2

inflammasomes and tumor survival, we performed OS, DSS, and

PFI analyses based on the AIM2 inflammasomes score. The
FIGURE 4

Drug sensitivity analysis of AIM2 inflammasome-related genes. Correlation of Genomics of Drug Sensitivity in Cancer(GDSC) drug sensitivity with
mRNA expression. The shades of the color indicate the size of the correlation, red dots represent positive correlation and blue dots represent
negative correlation. The size of the dots represents the statistical significance, the larger the dot, the higher the statistical significance
(Spearman’s correlation test).
B CA

FIGURE 5

Immunohistochemical validation of AIM2 expression and prognosis. (A) Representative images of immunohistochemical detection of AIM2
expression in colorectal cancer. (B) Statistical results of AIM2 expression. (Green point represents mean values; Student’s t-test) (C) Survival
analysis of AIM2. Patients were divided into high and low expression groups based on AIM2 expression (Log-rank test).
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results of Kaplan-Meier survival curves for AIM2

inflammasomes score in different tumors are shown in

Supplementary Figures 2–4 (all P < 0.05). We explored the

prognostic significance of the AIM2 inflammasomes scores,

using univariate Cox regression analysis. The OS results

showed that high AIM2 inflammasomes scores showed a good

prognosis in ACC, BLCA, BRCA, CHOL, LIHC, LUAD, MESO,

READ, SARC, STAD, and THCA and were protective factors for

patients. High AIM2 inflammasomes scores showed a bad

prognosis in KIRC, LAML, LGG, LUSC, PAAD, THYM, UCS,

and UVM and were hazard factors for patients (all P < 0.05)

(Figure 7A). The DSS results showed that high AIM2

inflammasomes scores showed a good prognosis in ACC,

BLCA, CHOL, LIHC, LUAD, MESO, SARC, SKCM, STAD,

THCA, and UCS and were protective factors for patients. High

AIM2 inflammasomes scores showed a bad prognosis in KIRC,

LGG, LUSC, PAAD, UCEC, and UVM and were hazard factors

for patients (all P < 0.05) (Figure 7B). The PFI results showed

that high AIM2 inflammasomes scores showed a good prognosis

in ACC, BLCA, BRCA, CHOL, COAD, LIHC, LUAD, LUSC,

MESO, READ, SKCM, STAD, TGCT, and THCA and were

protective factors for patients. High AIM2 inflammasomes

scores showed a bad prognosis in GBM, KIRC, KIRP, LGG,

PAAD, PRAD, THYM, and UVM and were hazard factors for

patients (all P < 0.05) (Figure 7C). These results suggest that

AIM2 inflammasomes scores have the potential to supplement

traditional prognostic predictors and aid in the prediction of

prognosis in patients with a wide range of tumors.
Analysis of the function of the
AIM2 inflammasomes score at the
single-cell level

We analyzed the correlation between AIM2 inflammasomes

scores and 14 functional states in different tumors using

CancerSEA data. The AIM2 inflammasomes scores were
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positively correlated with apoptosis in ALL, AML, CML,

HNSCC, and MEL, and negatively correlated with apoptosis in

UM (all P < 0.05). The AIM2 inflammasomes scores were

positively correlated with inflammation in AML, BRCA,

NSCLC, PC, and RB, and negatively correlated with

inflammation in CML, MEL, and UM (all P < 0.05). The

AIM2 inflammasomes scores were positively correlated with

metastasis in AML, CML, HNSCC, and NSCLC, and negatively

correlated with metastasis in LUAD and UM (all P <

0.05) (Figure 8).
Correlation of the AIM2 inflammasomes
score with tumor purity

When we examined the correlation between AIM2

inflammasomes scores and tumor-infiltrating immune cells in

33 tumors, we found that AIM2 inflammasomes scores had a

significant positive correlation with the levels of T cell follicular

helper, natural killer (NK) cell activated, macrophage M2, T cell

CD8, and macrophage M1 infiltration in most tumors.

Additionally, the AIM2 inflammasomes score showed a

negative correlation with T cell CD4 naïve infiltration levels in

ACC, BLCA, LGG, LIHC, PRAD, SARC, TGCT, THCA, and

THYM (all P < 0.05) (Figure 9).

In an analysis of the tumor ImmuneScore, the AIM2

inflammasomes score was found to be positively correlated

with the level of immune cell infiltration in GBM, PRAD,

ESCA, CESC, MESO, OV, UCEC, PAAD, SARC, COAD,

LUAD, BLCA, KIRP, BRCA, STAD, LUSC, TGCT, LIHC,

THYM, SKCM CHOL, LAML, KICH, UVM, KIRC, READ,

UCS, THCA, LGG, ACC, HNSC, DLBC, and PCPG (all P <

0.05) (Figure 10A and Supplementary Figure 5). In an analysis of

the tumor StromalScore, the AIM2 inflammasomes score was

positively correlated with the stromal cell score in PCPG, ACC,

KICH, LGG, CHOL, PRAD, KIRP, LUSC, UCS, LUAD, BRCA,

PAAD, GBM, THYM, STAD, LIHC, SARC, THCA, KIRC, and
BA

FIGURE 6

Differential expression of the AIM2 inflammasomes scores. (A) Correlation analysis of AIM2 inflammasome-related genes expression. The
shades of color indicate the magnitude of the correlation, with red dots representing positive correlation and blue dots representing negative
correlation. The size of the dots represents the correlation coefficient, the larger the dot, the stronger the correlation (Spearman’s correlation
test). (B) AIM2 inflammasomes scores between tumor and normal samples for 33 cancers. *p < 0.05, ***p < 0.001, and ****p < 0.0001 ; ns, no
statistical significance. (Student’s t-test).
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COAD (all P < 0.05). The AIM2 inflammasomes score

was negatively correlated with stromal cell score in

CESC, HNSC, and LAML (all P < 0.05) (Figure 10B). In the

analysis of the tumor MicroenvironmentScore, the AIM2

inflammasomes score was positively correlated with the

tumor microenvironment score in TGCT, PCPG, LGG,

THCA, KICH, ACC, KIRC, UCS, KIRP, UVM, CHOL,

SARC, LUAD, GBM, LAML, LIHC, BRCA, PRAD, OV,

STAD, MESO, LUSC, UCEC, PAAD, THYM, DLBC, CESC,
Frontiers in Immunology 10
SKCM, READ, BLCA, ESCA, COAD, and HNSC (all P <

0.05) (Figure 10C).
Correlation of the AIM2 inflammasomes
score with immune-related genes

Immune checkpoint genes have been shown to have a

s ignificant e ffec t on immune ce l l infi l t rat ion and
B CA

FIGURE 7

A Forest plot of the univariate Cox regression analysis of AIM2 inflammasomes. (A) OS is overall survival (COX regression). (B) DSS is disease-
specific survival (COX regression). (C) PFI is the progression-free interval (COX regression).
FIGURE 8

Correlation of the AIM2 inflammasomes scores with 14 functional status in different tumors. Red represents positive correlation and blue
represents negative correlation. **p < 0.01, and ***p < 0.001 (Spearman’s correlation test).
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immunotherapy. Thereafter, we explored the association between

AIM2 inflammasomes scores and immune checkpoint genes (ICG)

in human tumors to explore the potential of AIM2 inflammasomes

in immunotherapy. The results of the correlation between AIM2

inflammasomes scores and ICG showed that in the vast majority of

tumors, AIM2 inflammasomes scores were positively correlated

with the expression of LGALS9, CD86, PDCD1LG2, HAVCR2,

LAIR1, CD48, ICOS, PDCD1, TIGIT, CD27, and LAG3,

and negatively correlated with the expression of TNFSF9

(all P < 0.05) (Figure 11A). Additionally, we investigated the

correlation between AIM2 inflammasomes scores and 23
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immunosuppressive genes. The AIM2 inflammasomes score was

positively correlated with the expression of LGALS9, PDCD1LG2,

HAVCR2, CD96, CD244, TIGIT, LAG3, PDCD1, CTLA4, IDO1,

and BTLA in the majority of tumors (all P < 0.05) (Figure 11B). The

results of the correlation between AIM2 inflammasomes scores and

46 immune-activating genes in pan-cancer showed that the AIM2

inflammasomes score was positively correlated with KLRK1, CD27,

TNFSF13B, CD86, CD48, TMIGD2, TNFRSF18, LTA, TNFRSF17,

TNFRSF13B, TNFRSF4 CD40LG, CD28, CD70, KLRC1, CD80,

TNFRSF9, IL2RA, TNFRSF8, C10orf54, TNFSF14, MICB,

TMEM173, CD40, and ENTPD1 in the vast majority of tumors
FIGURE 9

Immune cell infiltration analyses. Relevance of the AIM2 inflammasomes scores to tumor-infiltrating immune cells in 33 tumors. The red color
indicates a positive correlation and the blue color indicates a negative correlation. **p < 0.01, and ***p < 0.001. (Spearman’s correlation test).
B CA

FIGURE 10

Correlation of AIM2 inflammasomes scores with tumor purity (A) Correlation of AIM2 inflammasomes scores with tumor Immune Score
(Spearman’s correlation test). (B) Correlation of AIM2 inflammasomes scores with tumor Stromal Score (Spearman’s correlation test).
(C) Correlation of AIM2 inflammasomes scores with tumor Microenvironment Score (Spearman’s correlation test) (all P < 0.05).
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(all P < 0.05) (Figure 11C). Additionally, we investigated the

correlation of AIM2 inflammasomes scores with chemokines and

their receptor genes. The results showed that the AIM2

inflammasomes scores were positively correlated with the

expression of CCL5, CXCL13, CXCL11, CXCL9, CXCL10, CCL3,

XCL2, CCL4, XCL1, CCL21, CCL8, CCL13, CCL22, CCL23, and

CCL19 chemokine genes in the vast majority of tumors, and

negatively correlated with the expression of CCL11, CCL26, and

CXCL2 (all P < 0.05) (Figure 11D). The AIM2 inflammasomes

score was positively correlated with CXCR3, CXCR6, CCR5, CCR2,

CCR1, XCR1, and CCR7 chemokine receptor genes and negatively

correlated with CXCR1, CX3CR1, CCR3, and CCR8 in the vast

majority of tumors (all P < 0.05) (Figure 11E).
Correlation of the AIM2 inflammasomes
score with the markers of
immunotherapeutic response

Tumor immune escape can be monitored to predict the

survival of patients with cancer treated with drugs. AIM2

inflammasomes scores were positively correlated with tumor

mutation burden (TMB) in GBM, UVM, PCPG, UCS, KICH,

LGG, READ, HNSC, THCA, KIRC, SKCM, STAD, COAD,
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MESO, BRCA, SARC, CESC, LIHC, KIRP, PAAD, ESCA,

BLCA, UCEC, PRAD, LUSC, and OV (all P < 0.05)

(Figure 12A). Thus, AIM2 inflammasomes scores were

positively correlated with TMB in a majority of tumors. We

also analyzed the correlation between AIM2 inflammasomes

scores and microsatellite instability (MSI) with the following

results. In KIRC, the AIM2 inflammasomes scores were

positively correlated with MSI (all P < 0.05). The AIM2

inflammasomes scores were negatively correlated with MSI in

GBM, STAD, SARC, CESC, LIHC, and TGCT (all P < 0.05)

(Figure 12B). Currently, TIDE scores are the most promising

marker of ICB response. TIDE scores have been reported to be

more accurate than programmed death-1 (PD-L1) expression

levels and TMB in predicting survival outcomes in cancer

patients treated with ICB agents. Patients with high TIDE

scores have a higher chance of tumor escape, therefore, they

exhibit lower response rates to ICB therapy. In our analysis of

TIDE and AIM2 inflammasomes scores for 22 tumors, we

observed a negative correlation between al l AIM2

inflammasomes scores and TIDE scores, which was significant

in LAML, UCEC, OVM, SARC, UVM, OVR, and BRCA

(Figure 12C) (Supplementary Figure 6). These results suggest

that AIM2 inflammasomes may be associated with ICB response

and may be a potential marker for ICB treatment.
B C
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A

FIGURE 11

Association of AIM2 inflammasomes scores with immune-related genes. (A) Relevance between AIM2 inflammasomes scores and immune
checkpoint in human tumors (Spearman’s correlation test). (B) Correlation between AIM2 inflammasomes scores and immunosuppressive genes
in human tumors (Spearman’s correlation test). (C) Correlation between AIM2 inflammasomes scores and immune activation genes in human
tumors (Spearman’s correlation test). (D) Correlation between AIM2 inflammasomes scores and chemokines in human tumors (Spearman’s
correlation test). (E) Correlation between AIM2 inflammasomes scores and chemokine receptors in human tumors (Spearman’s correlation test).
**p < 0.01, and ***p < 0.001.
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Single-cell transcriptome analysis of the
AIM2 inflammasomes in the KIRC
tumor microenvironment

scRNA-seq was performed on two in-house KIRC samples.

Following QC using Seurat, 13124 high-quality single-cell

transcriptome information was used for subsequent analysis.

Cell clustering analysis based on the t-Distributed Stochastic

Neighbor Embedding (tSNE) algorithm showed that the above

cells could be classified into 11 clusters, namely KIRC1, KIRC2,

KIRC3, monocyte1, monocyte2, macrophage, mast cells,

endothelial cells, NK cells, CD4+ T cells, and CD8+ T cells

(Figure 13A). Marker genes were significantly differentially

expressed in different cell clusters (Supplementary Figure 7).

Additionally, we found that tumor cells from two different

sources of KIRC samples shared the same cluster (KIRC3) and

unique clusters (KIRC1 and KIRC2) (Figure 13B). The above

results suggest that KIRC cell types are heterogeneous. We used

ssGSEA to impute AIM2 inflammasomes scores for KIRC tumor

microenvironment cells and compared the differences in AIM2

inflammasomes scores across cell types (Figure 13C).

Interestingly, we found significant differences in AIM2

inflammasomes scores across different cells (Figure 13D).

Monocyte1 had significantly higher AIM2 inflammasomes

scores than any of the other cells, suggesting AIM2

inflammasomes were significantly activated in the KIRC tumor

microenvironment (P < 0.05). KIRC cells had the lowest AIM2

inflammasomes score, suggesting that the AIM2 inflammasomes

reflect the tumor microenvironment rather than the tumor itself.

The AIM2 inflammasomes scores differed significantly among the

different KIRC cell clusters, suggesting that AIM2 inflammasomes

may be a characteristic of KIRC cells. These results suggest that

AIM2 inflammasomes are significantly different in different cells

of the KIRC tumor microenvironment and that targeting AIM2
Frontiers in Immunology 13
inflammasomes may be a breakthrough in regulating the

tumor microenvironment.
Discussion

We illustrate the process of this article by making a graphical

abstract (Supplementary Figure 8).

AIM2 inflammasomes, the prototype and most

characteristic member of ALR, induce caspase-1 activation by

aggregating an adaptor protein called ASC (CARD-containing

apoptosis-specific protein) after recognizing ds DNA. This

activation leads to the maturation and release of the

inflammatory cytokines such as interleukin (IL)-1b and pre-

IL-18, resulting in activity proptosis (5). Extensive evidence

suggests that AIM2 inflammasomes are correlated with tumor

progression, treatment response and prognosis (14).

Furthermore, AIM2 inflammasomes play a key role in

preventing tumorigenesis by regulating host immunity (8).

Previous studies have shown that AIM2 inflammasomes

inhibit the occurrence and development of liver cancer (14),

while promotes the occurrence and development of skin SCC

(30). Therefore, that the role of AIM2 inflammasomes is

variable, and AIM2 inflammasomes are a double-edged sword

against cancer in that they can prevent or promote tumor

development in depending on cancer type. Studying the

application of AIM2 inflammasomes in different types of

cancer may have important implications. Although studies on

AIM2 inflammasomes have been specifically reported in some

cancers, its relationship with immunity remains unclear. In this

study, we analyzed the tumorigenic and prognostic value of

AIM2 inflammasomes in various tumor types.

First, we analyzed the expression of AIM2i-RGs, gene

changes, and immune invasion in the TCGA tumor types. We
B CA

FIGURE 12

Relationship between AIM2 inflammasomes scores and markers of immunotherapeutic response in human cancers. (A) Correlation of AIM2
inflammasomes scores with tumor mutation burden in cancer (Spearman’s correlation test). (B) Correlation of AIM2 inflammasomes scores with
microsatellite instability in cancer (Spearman’s correlation test). (C) Correlation of AIM2 inflammasomes scores with tumor immune dysfunction
and exclusion scores. *p < 0.05, **p < 0.01, and ***p < 0.001 (Spearman’s correlation test).
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found that AIM2 inflammasomes were widely expressed in a

variety of tissues and that their expression was upregulated in

most tumors, with the expression levels of GBM, KIRC, and

LAML being significantly upregulated.

The association between AIM2 inflammasomes and survival

was assessed to further clarify the role of AIM2 inflammasomes in

clinical risk stratification. Survival analysis showed that AIM2

overexpression was correlated with OS, DSS, and PFI. High

expression of AIM2 is associated with poor prognosis of some

tumor types, including KIRC, UVM, PAAD, and LGG. At the

same time, previous studies have found that the loss of AIM2

expression has a close relationship with the low survival rate of

patients with colorectal cancer (33). Compared with normal liver

tissues, the relative expression levels of AIM2 mRNA and protein

in liver cancer tissues were significantly downregulated, and their

expression levels were significantly negatively associated with

disease-related clinical indicators such as tumor volume, size,

clinical stages, and pathological grade. Overexpression of AIM2 in

vitro promoted the formation of the AIM2-ASC-Caspase 1

inflammatory vesicle complex and inhibited the activation of
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the mTORC1 signaling pathway through the activation of

inflammasomes, which had oncogenic effects; on the contrary,

inhibition of AIM2 expression promoted the deterioration of

HCC (34).

Epigenetic changes in genes encoding inflammasome

components often confer cancer susceptibility (35). Differential

methylation analysis showed in the 10 AIM2i-RGs are

hypomethylated, including BRCA, HNSC, etc. Thus, our

findings could provide a basis for further studies on the

methylation of AIM2 inflammasomes in tumorigenesis and

progression. Previous studies have shown that AIM2

significantly inhibits the PI3K/AKT pathway, which has been

shown to inhibit the development of colon tumors (36).

Meanwhile, AIM2 inhibited colon cancer cell proliferation by

inducing cell cycle arrest in the G2/M phase (37). Therefore, we

can speculate that mutations in AIM2i-RGs may disrupt the

gene replication cycle and function, and participate in the

occurrence and development of tumors.

To better explore the association between AIM2i-RGs and

clinical treatment, we studied the correlation between related
B C

D

A

FIGURE 13

Single-cell transcriptomic atlas of Kidney renal clear cell carcinoma (KIRC). (A) A tSEN plot of KIRC samples with 11 distinct cell types. (B) A tSEN
plot of KIRC from two different samples. (C) A tSEN plot of AIM2 inflammasomes scores in different cell types. (D) Comparison of AIM2
inflammasomes scores in different KIRC tumor microenvironment cells. The blue horizontal line on the violin plot indicates the median AIM2
inflammasomes score. The letters at the top indicate whether there is a statistical difference between the two cells. Different letters indicate that
the difference is statistically significant (Student’s t-test).
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genes and drugs and found that the expression level of AIM2i-

RGs was correlated with the sensitivity of drugs, including

AICAR, AT-7519, Bosutinib, DMOG, and Z-LLNLE-CHO.

Previous studies have shown that TET2, plays a significant role

in myeloid malignancies and inflammatory responses. TET2 was

found to be strongly associated with the expression of AIM2

(38), and DMOG inhibits TET2 expression (39). Therefore, we

can speculate that DMOG can regulate TET2 and affect the

occurrence and development of myeloid malignancies by

controlling the expression of AIM2i-RGs.

We further analyzed the association between AIM2

inflammasomes and tumor immunity. We assessed the

correlation between common immune checkpoints and the

expression of AIM2 inflammasomes. The strong correlation of

AIM2 inflammasomes with several genes suggested that AIM2

inflammasomes may be a new target for tumor therapy. Previous

studies have confirmed that TMB is positively correlated with

tumor immunotherapy efficacy; the higher the tumor mutation

load, the better is the efficacy of immune checkpoint inhibitors

(40, 41). The expression of AIM2 inflammasomes in most

tumors was positively related to TMB. Therefore, AIM2

inflammasomes was associated with increasing TMB,

suggesting that AIM2 inflammasomes can be used to predict

the curative effect of tumor immunotherapy. We found that the

AIM2 inflammasomes score was significantly correlated with

CXCR3, CXCR6, CCR5, CCR2, CCR1, CCR7, and other

signaling molecules. Some studies show that CCL19 treatment

could stronger the inhibiting effects of AIM2 overexpression on

cell proliferation, migration, and invasion through CCR7.

Therefore, CCL19 can activate the CCR7/AIM2 signaling

pathway, suggesting that it could be a potential therapeutic

method to treating gastric cancer (42).

The study has several limitations. This study only provides

preliminary findings that AIM2 inflammasomes are associated

with tumor progression in a variety of tumors, and more

experimental work is needed to determine the precise

molecular function and mechanisms of AIM2 inflammasomes

in tumorigenesis. Further studies at cellular and molecular levels

should be performed to substantiate our results. We lack direct

evidence that AIM2 inflammasomes are involved in immune

infiltration to influence prognosis. Meanwhile, the mechanisms

by which AIM2 inflammasomes are involved in regulating

immunity remains unclear. Additionally, we lack specific and

complete cases with data to identify the function of the drugs in

inhibiting tumor growth. Finally, of the five genes used in the

construction of the AIM2 inflammasomes score, PYCARD,

CASP1, CASP4 and CASP12 were not specific to AIM2

inflammasomes and may have an impact on the accuracy and

specificity of the score. Further assessment is required after

AIM2 inflammasomes-specific markers have been identified.
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Conclusion

In summary, we performed the first comprehensive analysis

of AIM2 inflammasomes in pan-cancer and found that AIM2

inflammasomes are aberrantly expressed in a variety of

methylated tumors. AIM2 inflammasomes are closely

associated with tumor development and prognosis.

Additionally, AIM2 inflammasomes are closely associated with

immune checkpoints and regulatory genes. These results suggest

that AIM2 inflammasomes seems to be very variable among

cancer types and have the potential to become a new therapeutic

target, therefore it must be investigated independently on each

cancer type.
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Pan-cancer expression levels of the AIM2 inflammasomes score at
different stages.
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Kaplan-Meier survival curves of disease-specific survival in patients with
cancer with high versus low expressions of the AIM2 inflammasomes.
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Kaplan-Meier survival curves of overall survival in patients with cancer

with high versus low expressions of the AIM2 inflammasomes.
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Kaplan-Meier survival curves of progression-free interval in patients with

cancer with high versus low expressions of the AIM2 inflammasomes.
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Correlation of the AIM2 inflammasomes scores with the immune scores.

SUPPLEMENTARY FIGURE 6

Correlation of the AIM2 inflammasomes scores with the tumor immune

dysfunction and exclusion scores.
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Expression of the marker genes in different cells in the Kidney renal clear
cell carcinoma tumor microenvironment.
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The graphical abstract of the AIM2 inflammasomes.
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34. Lozano-Ruiz B, González-Navajas JM. The emerging relevance of AIM2 in
liver disease. Int J Mol Sci (2020) 21(18):6535. doi: 10.3390/ijms21186535

35. Verma D, Bivik C, Farahani E, Synnerstad I, Fredrikson M, Enerbäck C,
et al. Inflammasome polymorphisms confer susceptibility to sporadic malignant
melanoma. Pigment Cell Melanoma Res (2012) 25(4):506–13. doi: 10.1111/j.1755-
148X.2012.01008.x

36. Wilson JE, Petrucelli AS, Chen L, Koblansky AA, Truax AD, Oyama Y, et al.
Inflammasome-independent role of AIM2 in suppressing colon tumorigenesis via
DNA-PK and akt. Nat Med (2015) 21(8):906–13. doi: 10.1038/nm.3908

37. Patsos G, Germann A, Gebert J, Dihlmann S. Restoration of absent in
melanoma 2 (AIM2) induces G2/M cell cycle arrest and promotes invasion of
colorectal cancer cells. Int J Cancer (2010) 126(8):1838–49. doi: 10.1002/ijc.24905

38. Guo X, Zhong W, Chen Y, Zhang W, Ren J, Gao A. Benzene metabolites
trigger pyroptosis and contribute to haematotoxicity via TET2 directly regulating
the Aim2/Casp1 pathway. EBioMedicine (2019) 47:578–89. doi: 10.1016/
j.ebiom.2019.08.056

39. Gao W, Yu X, Hao J, Wang L, Qi M, Han L, et al. Ascorbic acid improves
parthenogenetic embryo development through TET proteins in mice. Biosci Rep
(2019) 39(1):BSR20181730. doi: 10.1042/BSR20181730

40. Chalmers ZR, Connelly CF, Fabrizio D, Gay L, Ali SM, Ennis R, et al.
Analysis of 100,000 human cancer genomes reveals the landscape of tumor
mutational burden. Genome Med (2017) 9(1):34. doi: 10.1186/s13073-017-0424-2

41. Goodman AM, Sokol ES, Frampton GM, Lippman SM, Kurzrock R.
Microsatellite-stable tumors with high mutational burden benefit from
immunotherapy. Cancer Immunol Res (2019) 7(10):1570–3. doi: 10.1158/2326-
6066.CIR-19-0149

42. Zhou R, Sun J, He C, Huang C, Yu H. CCL19 suppresses gastric cancer cell
proliferation, migration, and invasion through the CCL19/CCR7/AIM2 pathway.
Hum Cell (2020) 33(4):1120–32. doi: 10.1007/s13577-020-00375-1
frontiersin.org

https://aacrjournals.org/cancerres/article/62/21/6255/509349/Characterization-of-Epithelial-Senescence-by
https://aacrjournals.org/cancerres/article/62/21/6255/509349/Characterization-of-Epithelial-Senescence-by
https://aacrjournals.org/cancerres/article/62/21/6255/509349/Characterization-of-Epithelial-Senescence-by
https://doi.org/10.1038/sj.onc.1206754
https://doi.org/10.3389/fonc.2021.719564
https://doi.org/10.3389/fimmu.2021.688215
https://doi.org/10.3389/fmed.2021.662460
https://doi.org/10.1093/bib/bbaa345
https://doi.org/10.1038/nchembio.1986
https://doi.org/10.1016/j.cell.2015.06.001
https://doi.org/10.1093/carcin/bgs256
https://doi.org/10.1093/carcin/bgs256
https://doi.org/10.1002/ijc.28891
https://doi.org/10.1016/jcell201310015
https://doi.org/10.1016/jcell201310015
https://doi.org/10.1002/ijc.28891
https://doi.org/10.3390/ijms21186535
https://doi.org/10.1111/j.1755-148X.2012.01008.x
https://doi.org/10.1111/j.1755-148X.2012.01008.x
https://doi.org/10.1038/nm.3908
https://doi.org/10.1002/ijc.24905
https://doi.org/10.1016/j.ebiom.2019.08.056
https://doi.org/10.1016/j.ebiom.2019.08.056
https://doi.org/10.1042/BSR20181730
https://doi.org/10.1186/s13073-017-0424-2
https://doi.org/10.1158/2326-6066.CIR-19-0149
https://doi.org/10.1158/2326-6066.CIR-19-0149
https://doi.org/10.1007/s13577-020-00375-1
https://doi.org/10.3389/fimmu.2022.998266
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Pan-cancer analysis of AIM2 inflammasomes with potential implications for immunotherapy in human cancer: A bulk omics research and single&nbsp;cell sequencing validation
	Introduction
	Method
	Single-cell transcriptome sequencing data analysis
	Paraffin-embedded tissue collection
	Immunohistochemical staining
	Data collection
	Survival analysis
	Immune cell infiltration analysis
	Methylation analysis
	Pathway exploration for AIM2 inflammasomes at the single-cell level
	Evaluation of the AIM2 inflammasomes score
	TIDE score analysis of AIM2 inflammasomes
	Drug sensitivity analysis
	Statistical analysis

	Result
	Differential expression of AIM2-related genes in pan-cancer and its impact on prognosis
	Analysis of AIM2i-RGs and gene mutation
	Differential analysis of methylation of AIM2i-RGs in pan-cancer
	Drug sensitivity analysis of AIM2i-RGs
	Immunohistochemical validation of AIM2 expression
	Differential expression of the AIM2 inflammasomes score and correlation with staging
	Prognostic significance of the AIM2 inflammasomes score in tumors
	Analysis of the function of the AIM2 inflammasomes score at the single-cell level
	Correlation of the AIM2 inflammasomes score with tumor purity
	Correlation of the AIM2 inflammasomes score with immune-related genes
	Correlation of the AIM2 inflammasomes score with the markers of immunotherapeutic response
	Single-cell transcriptome analysis of the AIM2 inflammasomes in the KIRC tumor microenvironment

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


