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Inflammation is closely linked to the development and progression of cancer, as 
well as the effectiveness of cancer treatment. Inflammation is an immune 
response triggered when the immune system detects harmful stimuli such as 
pathogens, damaged cells, or toxic substances through pattern recognition 
receptors (PRRs). This activates signaling pathways and inflammasomes leading 
to the release of pro-inflammatory cytokines. In chronic inflammation, immune 
cells such as T and B lymphocytes, play a significant role in amplifying and 
sustaining the inflammatory response. The Inflammasomes are protein 
complexes that respond to microbes and danger signals, triggering an 
inflammatory response. Key inflammasomes, including NLRP3, AIM2, and 
NLRC4, regulate the release of proinflammatory cytokines and induce 
pyroptosis. While inflammasome activation is vital for immune defense, its 
dysregulation is associated with various diseases, including cancer. The 
relationship between inflammasomes and cancer is complex and varies 
depending on the context, with studies showing both promotion and inhibition 
of tumor growth. This review highlights the connection between microbes and 
radiation induced inflammatory regulators and cancer, stressing the need for 
research to understand the mechanisms through which inflammasomes and 
other inflammatory sensors control cancer. 
KEYWORDS 

inflammasomes, radiation, cancer, NLRP3, NLRC4, AIM2 
Introduction 

Inflammasomes are multiprotein complexes that are assembled in response to PAMPs 
(pathogen-associated molecular patterns) and DAMPs (danger-associated molecular 
patterns), triggering an innate immune and inflammatory response (1–5). These 
complexes consist of sensor proteins, an adaptor protein, and caspase-1 (6). Among the 
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most well-studied inflammasomes are the NLRP3 inflammasome, 
AIM2 inflammasome, and NLRC4 inflammasome (7–9). These 
inflammasomes sense microbes or cellular stress, recruit the 
adaptor protein ASC, and activate caspase-1, which cleaves 
precursor forms of IL-1b and IL-18 into their active forms, 
leading to inflammation and pyroptosis cell death (10). 

Damage-associated molecular patterns (DAMPs), such as reactive 
oxygen species (ROS) are actively produced in radiation-induced 
tissue injury (11, 12). These reactive species activate inflammasomes, 
particularly the NLRP3 inflammasome, through K+ efflux via P2X7 
channels (13–15). The efflux of potassium ions serves as a priming 
signal for NLRP3 activation (14, 15). Ionizing radiation also causes 
DNA damage, including double-strand break (16), which are 
recognized by the AIM2 inflammasome (Figure 1) (17–19). 

The role of inflammasomes in cancer is notably dual-faceted, 
exhibiting both tumor-promoting and tumor suppressive functions 
depending on the context, cell type, and tumor microenvironment. 
On one hand, inflammasomes such as NLRP3 and AIM2 can 
suppress tumorigenesis by enhancing anti-tumor immunity 
through the activation of caspase-1 and subsequent maturation 
and release of pro-inflammatory cytokines like IL-1b and IL-18, 
which recruit and activate immune cells (20). On the other hand, 
chronic or dysregulated inflammasome activation can contribute to 
a pro-tumorigenic environment by sustaining inflammation, 
promoting angiogenesis, and supporting tumor cell proliferation 
and metastasis. For example, in colitis-associated colorectal cancer 
NLRP3 inflammasome activation has been shown to exert 
protective effects in some models, while in others, it contributes 
to tumor progression by enhancing the production of inflammatory 
mediators (21, 22). This dichotomy underscores the complexity of 
inflammasome signaling in cancer and highlights the need for 
context-specific therapeutic targeting. 

Radiotherapy is a key treatment option for various types of 
tumors, including lung, breast, prostate, skin cancer, and renal cell 
carcinoma (23). However, radiation-induced tissue damage and 
inflammation can complicate its use in cancer therapy. 
Dysregulation of inflammasomes has been associated with 
development and progression of several inflammatory diseases 
and cancer. Targeting inflammasomes and their downstream 
signaling pathways may offer a promising therapeutic strategy for 
cancer treatment, either through suppressing the pro-inflammatory 
effects or enhancing their tumor-suppressive actions. Suppressing 
inflammasomes activation can reduce radiation-induced tumor 
damage, thereby potentially enhancing the overall efficacy of 
radiotherapy. Here, we discuss the implications of NLRP3, AIM2 
and NLRC4 inflammasomes in both cancer development and 
tumor  suppression  as  well  as  the  potential  for  future  
investigations in this context. 
Abbreviations: NLRP3, Nucleotide-binding oligomerization domain-like 

receptor pyrin domain-containing 3; AIM2, Absent In Melanoma 2; NLRC4, 

NLR Family CARD Domain Containing 4; PAMPs, Pathogen-Associated 

Molecular Patterns; DAMPs, Damage-Associated Molecular Patterns. 
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NLRP3 inflammasome activation and 
its role in cancer progression 

The NLRP3 (NOD, LRR and pyrin domain containing protein 3) 
inflammasome is a multimeric protein complex that is assembled and 
activated upon recognition of molecular patterns (PAMPs or

DAMPs) to induce the secretion of inflammatory cytokines IL-1b 
and IL-18 as part of innate immune responses. The NLRP3 
inflammasome consists of NLRP3 proteins, which interact with 
ASC (apoptosis-associated speck-like protein containing a CARD). 
The NLRP3-ASC complex then recruits caspase-1, which cleaves pro­
IL-1b and pro-IL-18 into IL-1b and IL-18 (24). Caspase-1 also cleaves 
gasdermin D (GSDMD) into a N-terminal fragment (GSDMD-N) 
and a C-terminal fragment (GSDMD-C). N-terminal fragment 
(GSDMD-N) forms pores in the membrane through which IL-1b 
and IL-18 are secreted from the cells (Figure 1). Aberrant activation 
of the NLRP3 inflammasome can lead to chronic inflammatory 
diseases and autoimmune disorders (25–29). 

In  addition  to  inflammatory  responses,  the  NLRP3  
inflammasome has been associated with various types of cancer 
exhibiting both pro-tumorigenic and anti-tumorigenic effects 
(Table 1). Ju et al. (2021) identified altered expression of NLRP3 
inflammasome-related genes in 15 out of 24 cancer types studied 
(30). Elevated NLRP3 expression is elevated in several cancer types, 
such as colorectal carcinoma (CRC), oral squamous cell carcinoma 
(OSCC), and non-small cell lung cancer (NSCLC) (31–34). The 
activation of the NLRP3 inflammasome and its impact on 
tumorigenesis differ across different types of cancer. For instance, 
in CRC, NLRP3 inflammasome activation is associated with 
epithelial-mesenchymal transition (EMT) and contributes to 
cancer progression (35). In breast cancer, autocrine IL-1b 
secretion driven by the NLRP3 inflammasome promotes EMT, 
and metastasis in breast cancer (36). Laing et al. (2020) showed 
that lung cancer cells release exosomes containing TRIM59, an E3 
ligase, which are transferred to macrophages, leading to NLRP3 
inflammasome activation and promoting lung cancer progression 
(37). In OSCC, the NLRP3 inflammasome promotes proliferation, 
migration and invasion of cancer cells (32). In pancreatic ductal 
adenocarcinoma (PDA), NLRP3 drives IL-10 dependent expansion 
of immune-suppressive macrophages and promotes tumors 
(38) (Table 1). 

Several studies have also shown the anti-tumorigenic effects of 
NLRP3 in various cancer types including pancreatic carcinoma and 
hepatic cancer. For example, the NLRP3 inflammasome has been 
shown identified as a negative regulator of tumorigenesis in colitis-
associated cancer. Mice deficient in PYCARD, caspase-1, and 
NLRP3 showed worsened inflammation, increased tumor burden, 
and decreased levels of IL-1b and IL-18 (21). Similarly, in 
hepatocellular carcinoma (HCC), NLRP3 plays a protective role, 
as the expression of NLRP3 inflammasome partner proteins is 
either completely absent or significantly low in hepatic cancer 
cells (39) (Table 1). 

Furthermore, Han et al. (2021), showed that radiation-induced 
NLRP3 inflammasome activation promotes anti-tumor immunity. 
This occurs through the IL-1R mediated activation of dendritic cell 
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and T cell responses in mice (40). Additionally, a study by Fan et al. 
(2021) showed that Akkermansia muciniphila (A. muciniphila), a 
bacterium naturally found in the human gut, triggers TLR2 
dependent NF-kB/NLRP3 pathways in M1-like macrophages to 
inhibit tumor growth (41). Combination of radiotherapy and 
NLRP3 agonist in wild type and anti-PD1 resistant murine­

implanted lung adenocarcinoma (LUAD) models have also shown 
to boost immune response via activation and proliferation of T cells 
and thus shows improved anti-tumor effect (42) (Table 1). NLRP3 
inflammasome induced by radiation can also lead to tissue damage. 
Chest radiation therapy is important in case of thoracic and breast 
malignancies but leads to radiation induced lung injury (RILI). Rao 
et al. (2023) showed that NLRP3 inflammasome activation plays a 
major role in acceleration of RILI by release of IL-1b that promotes 
fibroblast migration, proliferation and activation. Repression of 
both NLRP3 and IL-1b had shown a reversed effect and 
decreased RILI (43). 
AIM2 inflammasome activation and its 
role in cancer progression 

Absent in melanoma 2 (AIM2) was initially identified as a 
tumor suppressor gene and is predominantly expressed in epithelial 
cells and macrophages, playing a crucial role in immune 
surveillance and inflammation. When double-stranded DNA 
Frontiers in Immunology 03 
(dsDNA) is released into the cytosol from host cells or from 
pathogens such as viruses, bacteria or fungi during infection, 
AIM2 recognizes the dsDNA, triggering the formation of an 
inflammasome (33). The activation process of the AIM2 
inflammasome complex is similar to that of the NLRP3 
inflammasome, involving the recruitment of ASC (apoptosis­
associated speck-like protein containing a CARD) and 
procaspase-1, ultimately resulting in the activation of caspase-1. 
Upon activation, the inflammasome signaling cascade promotes the 
cleavage of proinflammatory cytokines pro-IL-1b and pro-IL-18, 
leading to release of mature IL-1b and IL-18 inducing 
inflammation. Additionally, activated caspase-1 cleaves GSDMD, 
inducing pyroptotic cell death (Figure 1) (33, 44–47). These 
proinflammatory cytokines not only trigger the innate immune 
response but also protect from intestinal inflammation and colitis-
associated colon cancer. The presence of a microsatellite site in the 
AIM2 gene renders it susceptible to frequent mutations, implicated 
in CRC (48, 49), an inflammasome independent function. 

AIM2 also plays a dual role in cancer progression, functioning 
through both inflammasome-dependent and independent 
mechanisms. It is linked to promotion of colon (50) and NSCLC 
(51). As mentioned in Table 1, Man et al. (2015) and Rommereim 
et al. (2015) investigated AIM2 involvement in inhibition of colon 
cancer by limiting the intestinal stem cell proliferation and 
controlling gut microbiome (52, 53). A study by Pasto et al. 
(2009) showed that AIM2 inflammasomes arrest cells in the G2/ 
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FIGURE 1 

Inflammasomes activated by DAMPs, (ROS) released from dying cells due to cellular stress, infection, or radiation. Inflammasomes consist of sensors 
(NLRP3, NLRC4, AIM2), adaptors (ASC), and caspase. NLRP3, NLRC4, AIM2 along with ASC cleaves pro-caspase-1 into active caspase-1, which 
cleaves pro- IL-1b and pro-IL-18 into their active forms, IL-1b and IL-18. Active caspase-1 also cleaves Gasdermin D (GSDMD) into N-terminal 
(GSDMD-N) and C-terminal (GSDMD-C) fragments. GSDMD-N forms pores into the cell membrane for IL-1b and IL-18 secretion, initiating 
inflammation and pyroptotic cell death. Radiation-induced mitochondrial damage releases mtDNA or DSBs into the cytosol, activating the AIM2 
inflammasome complex. Additionally, mtDNA activates the cGAS-STING pathway, leading to type I interferon (IFN-I) production. DAMPs (Damage­
associated molecular patterns), DSBs (Double-stranded breaks). 
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M phases of the cell cycle, blocking progression of cell cycle and 
promoting invasion of CRC (Table 1) (50). Furthermore, AIM2’s 
inflammasome-independent role in inhibiting colon cancer is 
mediated by the suppression of DNA-dependent protein kinase 
(DNA-PK) activation and Akt signaling pathways (54). In HCC, 
AIM2 controls tumor growth by inhibiting key regulatory protein 
kinases, particularly the mTOR-S6K1 pathway as described in 
Table 1 (55). 

Radiation therapy is commonly used to eliminate cancerous cells 
in affected tissues, but it can also cause cellular and mitochondrial 
damage in tumors, leading to the release of nuclear and 
Frontiers in Immunology 04
mitochondrial DNA (mtDNA) into the cytosol. This released DNA 
acts as a potent trigger for innate immune sensing by the AIM2 
inflammasome and cGAS-STING pathways, resulting in the 
activation of the type I interferon and proinflammatory cytokines 
production. These pathways play a crucial role in the immunogenic 
effects of radiation by promoting local inflammation, immune cell 
recruitment, and tumor clearance. Han et al. (2021) demonstrated 
that radiation activates AIM2 inflammasome, which contributes to 
anti-tumor effects through inflammatory cytokines like IL-1 (40). 
AIM2 has also been implicated in promoting radiation resistance in 
oral squamous cell carcinoma (OSCC) through the STAT1/NF-kB 
pathway (56). Overall, AIM2 plays a significant role in tumor 
progression and immune regulation, making it a key target for 
therapeutic intervention. The cGAS-STING signaling pathway 
exerts anti-tumor effects in cancer cells through both cell-
autonomous and non-cell-autonomous actions. Cell-autonomously, 
activation of STING within tumor cells can promote apoptosis and 
reinforce oncogene-induced senescence (OIS) by inducing the 
secretion of senescence-associated secretory phenotype (SASP) 
factors, thereby limiting tumor cell proliferation (57, 58). Non-cell­
autonomously, STING activation leads to the production of the type I 
interferons and other pro-inflammatory cytokines, which facilitate 
cross-talk between tumor cells and immune cells in the tumor 
microenvironment, enhancing antigen presentation and promoting 
robust antitumor immune response (59, 60). 
NLRC4 inflammasome activation and 
its role in cancer progression 

The Nod-like receptor C4 (NLRC4), initially referred to as Ipaf, 
was identified as an activator of procaspase-1 (61). NLRC4 plays a 
crucial role in the bacterial innate immune response through 
inflammasome activation. NLRC4 interacts with NLR apoptosis 
inhibitory proteins (NIAP), which act as receptors for bacterial 
ligands like flagellin and proteins of bacterial type III secretion 
systems (62, 63). Karki et al. (2018) demonstrated that Interferon 
Regulatory Factor 8 (IRF8) regulates the transcription of Niap genes 
for the optimal activation of NLRC4 upon bacterial infections (64). 
Upon sensing these bacterial ligands, NIAP interacts with NLRC4 
to facilitate the assembly of the NIAP-NLRC4 inflammasome (62– 
65). The NIAP-NLRC4 oligomerizes and recruits the adaptor 
protein ASC, leading to cleavage of pro-caspase-1 into active 
caspase-1. Caspase-1 then cleaves proinflammatory cytokines, like 
pro-IL-1b and pro-IL-18, into their active forms and activates the 
pore-forming protein gasdermin D, which triggers inflammation 
and pyroptotic cell death (Figure 1) (9, 66). A recent study 
demonstrated that ionizing radiation stimulates the production of 
IL-1b in macrophages through the p38-MAPK-NLRC4 signaling 
pathway. Silencing NLRC4 with RNA interference reduced the 
radiation-induced increase in IL-1b production (67). 

Similar to AIM2 and NLRP3, NLRC4 is implicated in various 
types of cancer. In the melanoma Nlrc4-/- mice model, it was 
identified that NLRC4 inhibits tumor growth. NLRC4 was 
associated with the activation of inflammatory signaling in 
TABLE 1 Inflammasomes and their pro-tumorigenic and anti­
tumorigenic role in different Cancers. 

Pro-tumorigenic roles of inflammasome 

Inflammasome Cancer Mechanism (s) 

NLRP3 CRC EMT (35) 

BC Autocrine IL-1b secretion and 
EMT (36) 

Lung cancer Activation of NLRP3 by 
TRIM59 (37) 

OSCC IL-1b secretion and EMT (32) 

PDA IL-10 dependent activation of 
immunosuppressive 
macrophages (38) 

AIM2 CRC Blocking cell cycle in G2/M 
phase and promoting 
invasion (50) 

OSCC STAT1/NF-kB (56) 

NLRC4 Prostate cancer IL−1b and IL−18 (70) 

Glioma Tim-3/Gal-9 (71) 

Anti-tumorigenic roles of inflammasome 

NLRP3 Colitis-
associated cancer 

PYCARD and caspase-1 (21) 

HCC Absences or low expression of 
NLRP3 (39) 

LUAD Activation and proliferation of 
T cells (42) 

AIM2 CRC 1. Limiting the intestinal stem 
cell proliferation and 
controlling gut microbiome 
(52) (53), 
2. Inhibition of DNA-PK and 
Akt pathway (54) 

HCC Inhibition of mTOR-S6K1 
pathway (55) 

NLRC4 Melanoma Activation of inflammatory 
signaling in macrophages and 
to enhance CD4+ and CD8+ T 
cells (68) 

CRC Immune cell infiltration (69) 
CRC, Colorectal cancer; BC, Breast cancer; OSCC, Oral squamous cell carcinoma; PDA, 
Pancreatic ductal adenocarcinoma; HCC, Hepatocellular carcinoma; LUAD, Lung 
adenocarcinoma. 
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macrophages and to enhance the production of IFN-g by CD4+ and 
CD8+ T cells to inhibit melanoma progression (68) (Table 1). In 
case of CRC tissues and cell lines reduced levels of NLRC4 and 
CASP1 were observed. Decreased expression of NLRC4 and CASP1 
was associated with poor survival, lymph node metastasis, and 
affected immune cell infiltration (69) (Table 1). 

The inflammatory microenvironment driven by NLRC4 
inflammasomes can promote malignancy in various tissues, 
including prostate and glioma. In prostate cancer, elevated 
NLRC4 expression has been linked to an increased risk of tumor 
progression might be because of secretion of IL−1b and IL−18 
(Table 1) (70). Similarly, higher NLRC4 expression is observed in 
glioma tissues, where it plays a role in tumor progression (71, 72). 
Tim3/Gal9 activates expression of NLRC4 and caspase 1 via FYN­
JAK1-ZNF384 and promotes malignancy in glioma as indicated in 
Table 1. NLRC4 levels may serve as a diagnostic biomarker for both 
prostate and glioma cancers. Additionally, NLRC4 could be a 
potential therapeutic approach for various cancer treatments. 
Conclusions and future perspectives 

Inflammasomes such as NLRP3, AIM2, and NLRC4, are 
emerging as crucial regulators of cancer-related inflammation, 
playing diverse roles in tumor initiation, progression, and 
immune surveillance. These innate immune sensors detect 
cellular stress signals and trigger inflammatory responses through 
the maturation of IL-1b and IL-18 and the induction of pyroptosis. 
While inflammasome activation can derive antitumor immunity by 
increasing immune cell infiltration and clearing tumor cells, it can 
also promote tumor progression by creating a chronic 
inflammatory microenvironment, immunosuppression, and 
metastasis, depending on the tumor type and context. 

NLRP3 has been implicated in both pro-tumorigenic and 
antitumor functions, with evidence supporting its role in 
promoting tumorigenesis through IL-1b-mediated inflammation, 
while also contributing to immune-mediated tumor control. AIM2 
classically known for its role in sensing cytosolic DNA, can induce 
inflammasome activation and tumor cell pyroptosis, yet it may also 
suppress tumor progression through non-inflammasome functions 
such as DNA damage repair regulation. NLRC4, although less 
extensively studied in cancer, has been shown both tumor-

suppressive and tumor promoting roles, particularly affecting 
myeloid cell function and cytokines production. 

The roles of other inflammatory sensor proteins, such as NOD-
like receptors (including NLRP1 (73), NLRP2 (74), NLRP6 (75), 
NLRP7 (76), and NLRP12 (77), AIM2-like receptors (ALRs) like 
IFI16 (78), Caspase-11 (caspase 4/5 in humans) inflammasome 
(79), Pyrin inflammasomes (80) and TRIM proteins (81) in cancer 
development, are not fully understood. Therefore, understanding 
the precise molecular pathways through which these inflammatory 
Frontiers in Immunology 05 
sensors control specific types of cancer is crucial for developing 
targeted therapeutic strategies. Future research should also focus on 
identifying context-specific regulators of inflammasome activity 
and exploring the potential of inflammasome-targeted therapies 
in cancer treatment. Combinatorial approaches that combine 
inflammasome modulation with immunotherapy or radiotherapy 
may offer new avenues for effective cancer management. 
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2. Martinon F, Pétrilli V, Mayor A, Tardivel A, Tschopp J. Gout-associated uric acid 
crystals activate the NALP3 inflammasome. Nature. (2006) 440:237–41. doi: 10.1038/ 
nature04516 

3. Mariathasan S, Weiss DS, Newton K, McBride J, O’Rourke K, Roose-Girma M, 
et al. Cryopyrin activates the inflammasome in response to toxins and ATP. Nature. 
(2006) 440:228–32. doi: 10.1038/nature04515 

4. Gross O, Poeck H, Bscheider M, Dostert C, Hannesschläger N, Endres S, et al. Syk 
kinase signalling couples to the Nlrp3 inflammasome for anti-fungal host defence. 
Nature. (2009) 459:433–6. doi: 10.1038/nature07965 

5. Craven RR, Gao X, Allen IC, Gris D, Wardenburg JB, McElvania-TeKippe E, et al. 
Staphylococcus aureus a-hemolysin activates the NLRP3-inflammasome in human 
and  mouse  monocytic  cells.  PLoS  One .  (2009)  4:e7446.  doi:  10.1371/  
journal.pone.0007446 

6. Lu A, Wu H. Structural mechanisms of inflammasome assembly. FEBS J. (2015) 
282:435–44. doi: 10.1111/febs.13133 

7. Tartey S, Kanneganti T. Differential role of the NLRP 3 inflammasome in 
infection and tumorigenesis. Immunology. (2019) 156:329–38. doi: 10.1111/imm.13046 

8. Rathinam VAK, Jiang Z, Waggoner SN, Sharma S, Cole LE, Waggoner L, et al. 
The AIM2 inflammasome is essential for host defense against cytosolic bacteria and 
DNA viruses. Nat Immunol. (2010) 11:395–402. doi: 10.1038/ni.1864 

9. Franchi L, Amer A, Body-Malapel M, Kanneganti TD, Özören N, Jagirdar R, et al. 
Cytosolic flagellin requires Ipaf for activation of caspase-1 and interleukin 1b in 
salmonella-infected macrophages. Nat Immunol. (2006) 7:576–82. doi: 10.1038/ni1346 

10. Broz P, Von Moltke J, Jones JW, Vance RE, Monack DM. Differential 
requirement for caspase-1 autoproteolysis in pathogen-induced cell death and 
cytokine processing. Cell Host Microbe . (2010) 8:471–83. doi: 10.1016/ 
j.chom.2010.11.007 

11. Wei J, Wang B, Wang H, Meng L, Zhao Q, Li X, et al. Radiation-induced normal 
tissue damage: oxidative stress and epigenetic mechanisms. Oxid Med Cell Longevity. 
(2019) 2019:1–11. doi: 10.1155/2019/3010342 

12. O’Neill P, Wardman P. Radiation chemistry comes before radiation biology. Int J 
Radiat Biol. (2009) 85:9–25. doi: 10.1080/09553000802640401 

13. Wei J, Wang H, Wang H, Wang B, Meng L, Xin Y, et al. The role of NLRP3 
inflammasome activation in radiation damage. Biomedicine Pharmacotherapy. (2019) 
118:109217. doi: 10.1016/j.biopha.2019.109217 

14. Schroder K, Tschopp J. The inflammasomes. Cell. (2010) 140:821–32. 
doi: 10.1016/j.cell.2010.01.040 

15. Lamkanfi M, Dixit VM. Mechanisms and functions of inflammasomes. Cell. 
(2014) 157:1013–22. doi: 10.1016/j.cell.2014.04.007 

16. Kavanagh JN, Redmond KM, Schettino G, Prise KM. DNA double strand break 
repair: A radiation perspective. Antioxidants Redox Signaling. (2013) 18:2458–72. 
doi: 10.1089/ars.2012.5151 

17. Hornung V, Ablasser A, Charrel-Dennis M, Bauernfeind F, Horvath G, Caffrey 
DR, et al. AIM2 recognizes cytosolic dsDNA and forms a caspase-1-activating 
inflammasome with ASC. Nature. (2009) 458:514–8. doi: 10.1038/nature07725 

18. Hu B, Jin C, Li HB, Tong J, Ouyang X, Cetinbas NM, et al. The DNA-sensing 
AIM2 inflammasome controls radiation-induced cell death and tissue injury. Science. 
(2016) 354:765–8. doi: 10.1126/science.aaf7532 

19. Fernandes-Alnemri T, Yu J-W, Datta P, Wu J, Alnemri ES. AIM2 activates the 
inflammasome and cell death in response to cytoplasmic DNA. Nature. (2009) 
458:509–13. doi: 10.1038/nature07710 

20. Zitvogel L, Kepp O, Galluzzi L, Kroemer G. Inflammasomes in carcinogenesis 
and anticancer immune responses. Nat Immunol. (2012) 13:343–51. doi: 10.1038/ 
ni.2224 

21. Allen IC, TeKippe EM, Woodford RMT, Uronis JM, Holl EK, Rogers AB, et al. 
The NLRP3 inflammasome functions as a negative regulator of tumorigenesis during 
colitis-associated cancer. J Exp Med. (2010) 207:1045–56. doi: 10.1084/jem.20100050 

22. Zaki MH, Boyd KL, Vogel P, Kastan MB, Lamkanfi M, Kanneganti T-D. The 
NLRP3 inflammasome protects against loss of epithelial integrity and mortality during 
experimental colitis. Immunity. (2010) 32:379–91. doi: 10.1016/j.immuni.2010.03.003 

23. Baskar R, Lee KA, Yeo R, Yeoh K-W. Cancer and radiation therapy: current 
advances and future directions. Int J Med Sci. (2012) 9:193–9. doi: 10.7150/ijms.3635 

24. Rathinam VAK, Vanaja SK, Fitzgerald KA. Regulation of inflammasome 
signaling. Nat Immunol. (2012) 13:333–42. doi: 10.1038/ni.2237 

25. Weber S, Sitte S, Voegele AL, Sologub L, Wilfer A, Rath T, et al. NLRP3 
inhibition leads to impaired mucosal fibroblast function in patients with inflammatory 
bowel diseases. J Crohn’s Colitis. (2024) 18:446–61. doi: 10.1093/ecco-jcc/jjad164 

26. Silva Santos Ribeiro P, Willemen HLDM, Versteeg S, Martin Gil C, Eijkelkamp 
N. NLRP3 inflammasome activation in sensory neurons promotes chronic 
Frontiers in Immunology 06
inflammatory and osteoarthritis pain. Immunotherapy Adv. (2023) 3:ltad022. 
doi: 10.1093/immadv/ltad022 

27. Fukui S, Fukui S, Van Bruggen S, Shi L, Sheehy CE, Chu L, et al. NLRP3 
inflammasome activation in neutrophils directs early inflammatory response in murine 
peritonitis. Sci Rep. (2022) 12:21313. doi: 10.1038/s41598-022-25176-4 

28. Fetter T, De Graaf DM, Claus I, Wenzel J. Aberrant inflammasome activation as 
a driving force of human autoimmune skin disease. Front Immunol. (2023) 14:1190388. 
doi: 10.3389/fimmu.2023.1190388 

29. Zhou H, Zhang W, Qin D, Liu P, Fan W, Lv H, et al. Activation of NLRP3 
inflammasome contributes to the inflammatory response to allergic rhinitis via 
macrophage pyroptosis. Int Immunopharmacol. (2022) 110:109012. doi: 10.1016/ 
j.intimp.2022.109012 

30. Ju M, Bi J, Wei Q, Jiang L, Guan Q, Zhang M, et al. Pan-cancer analysis of 
NLRP3 inflammasome with potential implications in prognosis and immunotherapy in 
human cancer. Briefings Bioinf. (2021) 22:bbaa345. doi: 10.1093/bib/bbaa345 

31. Ding Y, Yan Y, Dong Y, Xu J, Su W, Shi W, et al. NLRP3 promotes immune 
escape  by  regulating  immune  checkpoints: A pan-cancer analysis. Int  
Immunopharmacol. (2022) 104:108512. doi: 10.1016/j.intimp.2021.108512 

32. Wang H, Luo Q, Feng X, Zhang R, Li J, Chen F. NLRP3 promotes tumor growth 
and metastasis in human oral squamous cell carcinoma. BMC Cancer. (2018) 18:500. 
doi: 10.1186/s12885-018-4403-9 

33. Wang B, Bhattacharya M, Roy S, Tian Y, Yin Q. Immunobiology and structural 
biology of AIM2 inflammasome. Mol Aspects Med. (2020) 76:100869. doi: 10.1016/ 
j.mam.2020.100869 

34. Sorrentino R, Terlizzi M, Di Crescenzo VG, Popolo A, Pecoraro M, Perillo G, 
et al. Human lung cancer–derived immunosuppressive plasmacytoid dendritic cells 
release IL-1a in an AIM2 inflammasome-dependent manner. Am J Pathol. (2015) 
185:3115–24. doi: 10.1016/j.ajpath.2015.07.009 

35. Marandi Y, Hashemzadeh S, Tayebinia H, Karimi J, Zamani A, Khodadadi I. 
NLRP3-inflammasome activation is associated with epithelial-mesenchymal transition 
and progression of colorectal cancer. Iranian J Basic Med Sci. (2021) 24(4):483–92. 
doi: 10.22038/ijbms.2021.52355.11835 

36. Wang Y, Zhang H, Xu Y, Peng T, Meng X, Zou F. NLRP3 induces the autocrine 
secretion of IL-1b to promote epithelial–mesenchymal transition and metastasis in breast 
cancer. Biochem Biophys Res Commun. (2021) 560:72–9. doi: 10.1016/j.bbrc.2021.04.122 

37. Liang M, Chen X, Wang L, Qin L, Wang H, Sun Z, et al. Cancer-derived 
exosomal TRIM59 regulates macrophage NLRP3 inflammasome activation to promote 
lung cancer progression. J Exp Clin Cancer Res. (2020) 39:176. doi: 10.1186/s13046­
020-01688-7 

38. Daley D, Mani VR, Mohan N, Akkad N, Pandian GSDB, Savadkar S, et al. 
NLRP3 signaling drives macrophage-induced adaptive immune suppression in 
pancreatic carcinoma. J Exp Med. (2017) 214:1711–24. doi: 10.1084/jem.20161707 

39. Wei Q, Mu K, Li T, Zhang Y, Yang Z, Jia X, et al. Deregulation of the NLRP3 
inflammasome in hepatic parenchymal cells during liver cancer progression. Lab Invest. 
(2014) 94:52–62. doi: 10.1038/labinvest.2013.126 

40. Han C, Godfrey V, Liu Z, Han Y, Liu L, Peng H, et al. The AIM2 and NLRP3 
inflammasomes trigger IL-1–mediated antitumor effects during radiation. Sci Immunol. 
(2021) 6:eabc6998. doi: 10.1126/sciimmunol.abc6998 

41. Fan L, Xu C, Ge Q, Lin Y, Wong CC, Qi Y, et al. A. Muciniphila suppresses 
colorectal tumorigenesis by inducing TLR2/NLRP3-mediated M1-like TAMs. Cancer 
Immunol Res. (2021) 9:1111–24. doi: 10.1158/2326-6066.CIR-20-1019 

42. Barsoumian HB, He K, Hsu E, Bertolet G, Sezen D, Hu Y, et al. NLRP3 agonist 
enhances radiation-induced immune priming and promotes abscopal responses in 
anti-PD1 resistant model. Cancer Immunol Immunother. (2023) 72:3003–12. 
doi: 10.1007/s00262-023-03471-x 

43. Rao X, Zhou D, Deng H, Chen Y, Wang J, Zhou X, et al. Activation of NLRP3 
inflammasome in lung epithelial cells triggers radiation-induced lung injury. Respir Res. 
(2023) 24:25. doi: 10.1186/s12931-023-02331-7 

44. Yu D, Zheng S, Sui L, Xi Y, He T, Liu Z. The role of AIM2 in inflammation and 
tumors. Front Immunol. (2024) 15:1466440. doi: 10.3389/fimmu.2024.1466440 

45. Zhu H, Zhao M, Chang C, Chan V, Lu Q, Wu H. The complex role of AIM2 in 
autoimmune diseases and cancers. Immun Inflam Dis. (2021) 9:649–65. doi: 10.1002/ 
iid3.443 

46. Wang L, Sun L, Byrd KM, Ko C-C, Zhao Z, Fang J. AIM2 inflammasome’s first 
decade of discovery: focus on oral diseases. Front Immunol. (2020) 11:1487. 
doi: 10.3389/fimmu.2020.01487 

47. Colarusso C, Terlizzi M, Di Caprio S, Falanga A, D’Andria E, Di Villa Bianca R, 
et al. Role of the AIM2 inflammasome in cancer: potential therapeutic strategies. 
Biomedicines. (2025) 13:395. doi: 10.3390/biomedicines13020395 

48. Mori Y, Yin J, Rashid A, Leggett BA, Young J, Simms L, et al. Instabilotyping: 
comprehensive identification of frameshift mutations caused by coding region 
microsatellite instability. Cancer Res. (2001) 61:6046–9. Available at: https:// 
aacrjournals.org/cancerres/article/61/16/6046/507794/InstabilotypingComprehensive­
Identification-of?searchresult=1 
 frontiersin.org 

https://doi.org/10.1038/ni.1831
https://doi.org/10.1038/nature04516
https://doi.org/10.1038/nature04516
https://doi.org/10.1038/nature04515
https://doi.org/10.1038/nature07965
https://doi.org/10.1371/journal.pone.0007446
https://doi.org/10.1371/journal.pone.0007446
https://doi.org/10.1111/febs.13133
https://doi.org/10.1111/imm.13046
https://doi.org/10.1038/ni.1864
https://doi.org/10.1038/ni1346
https://doi.org/10.1016/j.chom.2010.11.007
https://doi.org/10.1016/j.chom.2010.11.007
https://doi.org/10.1155/2019/3010342
https://doi.org/10.1080/09553000802640401
https://doi.org/10.1016/j.biopha.2019.109217
https://doi.org/10.1016/j.cell.2010.01.040
https://doi.org/10.1016/j.cell.2014.04.007
https://doi.org/10.1089/ars.2012.5151
https://doi.org/10.1038/nature07725
https://doi.org/10.1126/science.aaf7532
https://doi.org/10.1038/nature07710
https://doi.org/10.1038/ni.2224
https://doi.org/10.1038/ni.2224
https://doi.org/10.1084/jem.20100050
https://doi.org/10.1016/j.immuni.2010.03.003
https://doi.org/10.7150/ijms.3635
https://doi.org/10.1038/ni.2237
https://doi.org/10.1093/ecco-jcc/jjad164
https://doi.org/10.1093/immadv/ltad022
https://doi.org/10.1038/s41598-022-25176-4
https://doi.org/10.3389/fimmu.2023.1190388
https://doi.org/10.1016/j.intimp.2022.109012
https://doi.org/10.1016/j.intimp.2022.109012
https://doi.org/10.1093/bib/bbaa345
https://doi.org/10.1016/j.intimp.2021.108512
https://doi.org/10.1186/s12885-018-4403-9
https://doi.org/10.1016/j.mam.2020.100869
https://doi.org/10.1016/j.mam.2020.100869
https://doi.org/10.1016/j.ajpath.2015.07.009
https://doi.org/10.22038/ijbms.2021.52355.11835
https://doi.org/10.1016/j.bbrc.2021.04.122
https://doi.org/10.1186/s13046-020-01688-7
https://doi.org/10.1186/s13046-020-01688-7
https://doi.org/10.1084/jem.20161707
https://doi.org/10.1038/labinvest.2013.126
https://doi.org/10.1126/sciimmunol.abc6998
https://doi.org/10.1158/2326-6066.CIR-20-1019
https://doi.org/10.1007/s00262-023-03471-x
https://doi.org/10.1186/s12931-023-02331-7
https://doi.org/10.3389/fimmu.2024.1466440
https://doi.org/10.1002/iid3.443
https://doi.org/10.1002/iid3.443
https://doi.org/10.3389/fimmu.2020.01487
https://doi.org/10.3390/biomedicines13020395
https://aacrjournals.org/cancerres/article/61/16/6046/507794/InstabilotypingComprehensive-Identification-of?searchresult=1
https://aacrjournals.org/cancerres/article/61/16/6046/507794/InstabilotypingComprehensive-Identification-of?searchresult=1
https://aacrjournals.org/cancerres/article/61/16/6046/507794/InstabilotypingComprehensive-Identification-of?searchresult=1
https://doi.org/10.3389/fimmu.2025.1611719
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Malvankar et al. 10.3389/fimmu.2025.1611719 
49. Sharma BR, Karki R, Kanneganti T. Role of AIM2 inflammasome in 
inflammatory diseases, cancer and infection. Eur J Immunol. (2019) 49:1998–2011. 
doi: 10.1002/eji.201848070 

50. 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. Intl J Cancer. (2010) 126:1838–49. doi: 10.1002/ijc.24905 

51. Zhang M, Jin C, Yang Y, Wang K, Zhou Y, Zhou Y, et al. AIM2 promotes non­
small-cell lung cancer cell growth through inflammasome-dependent pathway. J Cell 
Physiol. (2019) 234:20161–73. doi: 10.1002/jcp.28617 

52. Man SM, Zhu Q, Zhu L, Liu Z, Karki R, Malik A, et al. Critical role for the DNA 
sensor AIM2 in stem cell proliferation and cancer. Cell. (2015) 162:45–58. doi: 10.1016/ 
j.cell.2015.06.001 

53. Rommereim LM, Subramanian N. AIMing 2 curtail cancer. Cell. (2015) 162:18– 
20. doi: 10.1016/j.cell.2015.06.041 

54. 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) 21:906–13. doi: 10.1038/nm.3908 

55. Ma X, Guo P, Qiu Y, Mu K, Zhu L, Zhao W, et al. Loss of AIM2 expression 
promotes hepatocarcinoma progression through activation of mTOR-S6K1 pathway. 
Oncotarget. (2016) 7:36185–97. doi: 10.18632/oncotarget.9154 

56. Chiu HW, Lee HL, Lee HH, Lu HW, Lin KYH, Lin YF, et al. AIM2 promotes 
irradiation resistance, migration ability and PD-L1 expression through STAT1/NF-kB 
activation in oral squamous cell carcinoma. J Transl Med. (2024) 22:13. doi: 10.1186/ 
s12967-023-04825-w 

57. Dou Z, Ghosh K, Vizioli MG, Zhu J, Sen P, Wangensteen KJ, et al. Cytoplasmic 
chromatin triggers inflammation in senescence and cancer. Nature. (2017) 550:402–6. 
doi: 10.1038/nature24050 

58. Glück S, Guey B, Gulen MF, Wolter K, Kang TW, Schmacke NA, et al. Innate 
immune sensing of cytosolic chromatin fragments through cGAS promotes senescence. 
Nat Cell Biol. (2017) 19:1061–70. doi: 10.1038/ncb3586 

59.  Marcus  A,  Mao  AJ,  Lensink-Vasan  M,Wang L, Vance  RE, Raulet DH.  Tumor-derived  
cGAMP triggers a STING-mediated interferon response in non-tumor cells to activate the NK 
cell response. Immunity. (2018) 49:754–763.e4. doi: 10.1016/j.immuni.2018.09.016 

60. Woo SR, Fuertes MB, Corrales L, Spranger S, Furdyna MJ, Leung MYK, et al. 
STING-dependent cytosolic DNA sensing mediates innate immune recognition of 
immunogenic tumors. Immunity. (2014) 41:830–42. doi: 10.1016/j.immuni.2014.10.017 

61. Poyet J-L, Srinivasula SM, Tnani M, Razmara M, Fernandes-Alnemri T, Alnemri 
ES. Identification of ipaf, a human caspase-1-activating protein related to apaf-1. J Biol 
Chem. (2001) 276:28309–13. doi: 10.1074/jbc.C100250200 

62. Naseer N, Egan MS, Reyes Ruiz VM, Scott WP, Hunter EN, Demissie T, et al. 
Human NAIP/NLRC4 and NLRP3 inflammasomes detect Salmonella type III secretion 
system activities to restrict intracellular bacterial replication. PLoS Pathog. (2022) 18: 
e1009718. doi: 10.1371/journal.ppat.1009718 

63. Matusiak M, Van Opdenbosch N, Vande Walle L, Sirard J-C, Kanneganti T-D, 
Lamkanfi M. Flagellin-induced NLRC4 phosphorylation primes the inflammasome for 
activation by NAIP5. Proc Natl Acad Sci USA. (2015) 112:1541–6. doi: 10.1073/ 
pnas.1417945112 

64. Karki R, Lee E, Place D, Samir P, Mavuluri J, Sharma BR, et al. IRF8 regulates 
transcription of naips for NLRC4 inflammasome activation. Cell. (2018) 173:920– 
933.e13. doi: 10.1016/j.cell.2018.02.055 
Frontiers in Immunology 07
65. Kay C, Wang R, Kirkby M, Man SM. Molecular mechanisms activating the 
NAIP-NLRC4 inflammasome: Implications in infectious disease, autoinflammation, 
and cancer. Immunol Rev. (2020) 297:67–82. doi: 10.1111/imr.12906 

66. Canna SW, De Jesus AA, Gouni S, Brooks SR, Marrero B, Liu Y, et al. An 
activating NLRC4 inflammasome mutation causes autoinflammation with recurrent 
macrophage activation syndrome. Nat Genet. (2014) 46:1140–6. doi: 10.1038/ 
ng.3089 

67. Baik JS, Seo YN, Lee YC, Yi JM, Rhee MH, Park MT, et al. Involvement of the 
p38 MAPK-NLRC4-caspase-1 pathway in ionizing radiation-enhanced macrophage 
IL-1b Production. IJMS. (2022) 23:13757. doi: 10.3390/ijms232213757 

68. Janowski AM, Colegio OR, Hornick EE, McNiff JM, Martin MD, Badovinac VP, 
et al. NLRC4 suppresses melanoma tumor progression independently of 
inflammasome activation. J Clin Invest. (2016) 126:3917–28. doi: 10.1172/JCI86953 

69. Peng L, Zhu N, Wang D, Zhou Y, Liu Y. Comprehensive analysis of prognostic 
value and immune infiltration of NLRC4 and CASP1 in colorectal cancer. Int J Gen 
Med. (2022) 15:5425–40. doi: 10.2147/IJGM.S353380 

70. Liang K, Ke Z, Huang J, Zhang X. Expression and clinical value of NLRP1 and 
NLRC4 inflammasomes in prostate cancer. Oncol Lett. (2023) 26:385. doi: 10.3892/ 
ol.2023.13971 

71. Sim J, Park J, Kim S, Hwang S, Sung K, Lee JE, et al. Association of tim-3/gal-9 
axis with NLRC4 inflammasome in glioma Malignancy: tim-3/gal-9 induce the NLRC4 
inflammasome. IJMS. (2022) 23:2028. doi: 10.3390/ijms23042028 

72. Lim J, Kim MJ, Park Y, Ahn JW, Hwang SJ, Moon JS, et al. Upregulation of the 
NLRC4 inflammasome contributes to poor prognosis in glioma patients. Sci Rep. 
(2019) 9:7895. doi: 10.1038/s41598-019-44261-9 

73. Taabazuing CY, Griswold AR, Bachovchin DA. The NLRP1 and CARD8 
inflammasomes. Immunol Rev. (2020) 297:13–25. doi: 10.1111/imr.12884 

74. Zhang T, Xing F, Qu M, Yang Z, Liu Y, Yao Y, et al. NLRP2 in health and disease. 
Immunology. (2024) 171:170–80. doi: 10.1111/imm.13699 

75. Elinav E, Strowig T, Kau AL, Henao-Mejia J, Thaiss CA, Booth CJ, et al. NLRP6 
inflammasome regulates colonic microbial ecology and risk for colitis. Cell. (2011) 
145:745–57. doi: 10.1016/j.cell.2011.04.022 

76. Carriere J, Dorfleutner A, Stehlik C. NLRP7: From inflammasome regulation to 
human disease. Immunology. (2021) 163:363–76. doi: 10.1111/imm.13372 

77. Sundaram B, Pandian N, Mall R, Wang Y, Sarkar R, Kim HJ, et al. NLRP12­
PANoptosome activates PANoptosis and pathology in response to heme and PAMPs. 
Cell. (2023) 186:2783–2801.e20. doi: 10.1016/j.cell.2023.05.005 

78. Kerur N, Veettil MV, Sharma-Walia N, Bottero V, Sadagopan S, Otageri P, et al. 
IFI16 acts as a nuclear pathogen sensor to induce the inflammasome in response to 
kaposi sarcoma-associated herpesvirus infection. Cell Host Microbe. (2011) 9:363–75. 
doi: 10.1016/j.chom.2011.04.008 

79. Kayagaki N, Stowe IB, Lee BL, O’Rourke K, Anderson K, Warming S, et al. 
Caspase-11 cleaves gasdermin D for non-canonical inflammasome signalling. Nature. 
(2015) 526:666–71. doi: 10.1038/nature15541 

80. Schnappauf O, Chae JJ, Kastner DL, Aksentijevich I. The pyrin inflammasome in 
health and disease. Front Immunol. (2019) 10:1745. doi: 10.3389/fimmu.2019.01745 

81. Di Rienzo M, Romagnoli A, Antonioli M, Piacentini M, Fimia GM. TRIM 
proteins in autophagy: selective sensors in cell damage and innate immune responses. 
Cell Death Differ. (2020) 27:887–902. doi: 10.1038/s41418-020-0495-2 
 frontiersin.org 

https://doi.org/10.1002/eji.201848070
https://doi.org/10.1002/ijc.24905
https://doi.org/10.1002/jcp.28617
https://doi.org/10.1016/j.cell.2015.06.001
https://doi.org/10.1016/j.cell.2015.06.001
https://doi.org/10.1016/j.cell.2015.06.041
https://doi.org/10.1038/nm.3908
https://doi.org/10.18632/oncotarget.9154
https://doi.org/10.1186/s12967-023-04825-w
https://doi.org/10.1186/s12967-023-04825-w
https://doi.org/10.1038/nature24050
https://doi.org/10.1038/ncb3586
https://doi.org/10.1016/j.immuni.2018.09.016
https://doi.org/10.1016/j.immuni.2014.10.017
https://doi.org/10.1074/jbc.C100250200
https://doi.org/10.1371/journal.ppat.1009718
https://doi.org/10.1073/pnas.1417945112
https://doi.org/10.1073/pnas.1417945112
https://doi.org/10.1016/j.cell.2018.02.055
https://doi.org/10.1111/imr.12906
https://doi.org/10.1038/ng.3089
https://doi.org/10.1038/ng.3089
https://doi.org/10.3390/ijms232213757
https://doi.org/10.1172/JCI86953
https://doi.org/10.2147/IJGM.S353380
https://doi.org/10.3892/ol.2023.13971
https://doi.org/10.3892/ol.2023.13971
https://doi.org/10.3390/ijms23042028
https://doi.org/10.1038/s41598-019-44261-9
https://doi.org/10.1111/imr.12884
https://doi.org/10.1111/imm.13699
https://doi.org/10.1016/j.cell.2011.04.022
https://doi.org/10.1111/imm.13372
https://doi.org/10.1016/j.cell.2023.05.005
https://doi.org/10.1016/j.chom.2011.04.008
https://doi.org/10.1038/nature15541
https://doi.org/10.3389/fimmu.2019.01745
https://doi.org/10.1038/s41418-020-0495-2
https://doi.org/10.3389/fimmu.2025.1611719
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http:49:754�763.e4

	Regulation of cancer by inflammasomes: from inflammation to tumorigenesis
	Introduction
	NLRP3 inflammasome activation and its role in cancer progression
	AIM2 inflammasome activation and its role in cancer progression
	NLRC4 inflammasome activation and its role in cancer progression
	Conclusions and future perspectives
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


