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Inflammasome as a Therapeutic Target for Cancer 
Prevention and Treatment

Review

Huyen Trang Ha Thi, Suntaek Hong

Department of Biochemistry, Gachon University College of Medicine, Incheon, Korea

Chronic inflammation is a critical modulator of carcinogenesis through secretion of inflammatory cytokines, which leads to the formation 
of an inflammatory microenvironment. In this process, the inflammasome plays an important role in the expression and activation of 
interleukin (IL)-1 and IL-18 to promote cancer development. The inflammasome is a multiprotein complex consisting of several 
nucleotide-binding domain and leucine-rich repeat containing receptor, adaptor proteins, and caspase 1 (CASP1). It senses the various 
intracellular (damage-associated molecular patterns) and extracellular (pathogen-associated molecular patterns) stimuli. A primed 
inflammasome recruits adaptor proteins, activates CASP1 to enhance the proteolytic cleavage of pro-IL-1 and IL-18, and sends the signal 
to respond to each insult. Depending on stimuli and cell contexts, several inflammasomes are closely associated with the initiation and 
promotion of carcinogenesis. In contrast, inflammasomes also show an ambivalent effect on carcinogenesis by enhancing inflammatory 
cell death (pyroptosis) and repairing damaged tissues. Although the inflammasome plays a controversial role in carcinogenesis, it may 
be a promising target for human cancer prevention and treatment. A more in-depth study on the role of the inflammasome in 
carcinogenesis, based on stimuli, cell contexts, and cancer stages, can lead to the development of novel therapeutic strategies against 
malignant human cancers. 
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INTRODUCTION

Inflammation is a host defense system to protect the body 

against either viral, bacterial, and fungal infections or internal 

insults.1 This process should be tightly regulated to keep the 

homeostasis of the host’s immune system. When acute infla-

mmation is maintained for a very short time, it eliminates and 

repairs damaged cells and injured tissues through the recruit-

ment of immune cells and the expression of inflammatory 

mediators. When maintained for longer periods, inflammation 

becomes chronic and creates problems in the human body. 

Chronic inflammation is a cause of many diseases, including 

diabetes, arthritis, inflammatory bowel disease, autoimmune 

diseases, and cancer. An inflammatory microenvironment is 

considered a hallmark of carcinogenesis.2 The involvement of 

immune cells in tumor formation was suggested after finding 

leukocyte infiltration in breast cancer samples already in the 

19th century. Many researchers reported that chronic 

inflammation promotes carcinogenesis through resistance to 

growth inhibition, formation of blood vessel, escape from 

apoptosis, and initiation of metastasis.3,4 About 20% of human 

cancers are closely associated with chronic inflammation.4

In the early stage of carcinogenesis, infiltrated immune cells 

release reactive oxidative molecules to enhance the epigenetic 

mutation in oncogenes and tumor suppressor genes. Inflam-

mation-induced oxidative stress also induces inactivation of the 

mismatch repair system, leading to the insertion of mutation into 

important genes.5 Another mechanism for the promotion of 
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cancer initiation by inflammation is the stimulation of stem 

cell-like phenotypes.6 In late stage carcinogenesis, cytokines and 

chemokines are secreted from the inflammatory environment to 

support cell survival and invasiveness. In particular, TGF- is a 

key cytokine to enhance the epithelial-mesenchymal transition 

and to promote the metastasis of cancer cells.7 Metastasis of 

cancer cells into specific tissues or organs is also tightly regulated 

by the expression of chemokines.8 For example, breast cancer 

cells expressing CXCR4 mainly migrate to the lung, bone, and 

lymph node, which contain high levels of CXCL12.9 Upregulation 

of CXCR3 in colorectal cancer increases the metastasis into 

preferred sites, including liver, lung, and lymph nodes, which 

release high amounts of CXCL10.10 To identify the molecular 

mechanism of the relationship between inflammation and 

carcinogenesis, we need to understand the role of the key 

components in the inflammation signaling pathway. 

INFLAMMASOME SIGNALING PATHWAY

When the human body is exposed to microbes or exogenous 

stimuli, pattern recognition receptors (PRRs) play a protective 

role as gatekeepers in the defense system. The PRR family 

consists of various members, including Toll-like receptors (TLRs), 

nucleotide-binding domain and leucine-rich repeat containing 

receptors (NLRs), retinoic acid-inducible gene I-like RNA heli-

cases, C-type lectins, and absent in melanoma (AIMs) like 

receptors.11,12 In a first step, PRRs recognize the debris of invaders, 

including pathogen-associated molecular patterns (PAMPs) and 

damage-associated molecular patterns (DAMPs), to initiate the 

innate and adaptive immunity. Of the numerous PRR members, 

we focus on the role of NLRs in the inflammatory signaling 

pathway and carcinogenesis due to their ability to form the 

multiprotein complex inflammasome.13

The NLR families consist of 22 large members in the human 

body.14 The NLR proteins consist of 3 major domains: a N-ter-

minal protein-protein interaction domain, a middle nucleo-

tide-binding oligomerization (NACHT) domain, and a C-terminal 

leucine-rich repeat (LRR) domain. The N-terminal domain is 

responsible for the recruitment of downstream signaling 

adaptors with a Pyrin domain, a caspase recruitment and 

activation domain (CARD), or a baculovirus inhibitor of apoptosis 

repeat domain.15 The NACHT domain involves the recruitment of 

pro-caspase 1 (CASP1) through interaction with an adaptor 

protein, an apoptosis-associated speck-like protein containing a 

CARD domain (ASC). The central domain also regulates the 

self-oligomerization of NLRs. The LRR domain determines the 

specificity of ligands, depending on the types of NLRs. After 

interaction with specific PAMP or DAMP, NLRs are oligomerized 

to homo- or hetero-complexes to recruit the pro-CASP1 via the 

ASC adaptor protein. Pro-CASP1 is subsequently activated 

through self-cleavage to form a mature p10-p20 complex. Active 

CASP1 regulates the generation of mature interleukin (IL)-1 and 

IL-18 from inactive forms to induce the inflammatory form of cell 

death (pyroptosis) or to recruit other immune cells.16 Matured 

IL-1 and IL-18 are important promoters of various inflammatory 

signaling through NF-B and mitogen-activated protein kinase 

(MAPK) activation. Secreted cytokines from immune cells also 

generate the inflammatory microenvironment in infiltrated 

tissues. This is called the canonical inflammasome pathway 

involving NLR, ASC, and CASP1. In contrast to the canonical 

pathway, the non-canonical pathway works with CASP8 or 

CASP11. Upon stimulation with fungi or mycobacteria, the 

dectin-1 receptor activates CASP8 to regulate the activation of 

IL-1.17 An involvement of CASP8 was also found in lipo-

polysaccharide-stimulated macrophages or dendritic cells and 

apoptosis with inflammasome complex.18 An infection with 

enteric bacteria, such as Escherichia coli, Vibrio cholera, or 

Citrobacter rodentium, induces the pyroptotic cell death through 

the proteolytic cleavage and activation of CASP11.19,20 It is not 

fully understood yet what causes this difference in the recrui-

tment of the caspases upon various stimuli.

The inflammasome was first identified as a multiprotein 

complex containing CASP1, CASP5, Pycard/Asc, and NLR protein 

1 (NLRP1) and named by Tschopp’s group through immuno-

precipitation experiments.13 Since then, many inflammasomes 

were isolated and showed the differences in ligands, 

components, and roles in the immune system. They are classified 

by the presence of NLR in the complex, for example, NLRP1, 

NLRP3, NLR family CARD domain containing 3 (NLRC3), NLRC4, 

NLR family apoptosis inhibitory protein (NAIP), and NLRP6. An 

important inflammasome of the pyrin and HIN domain family 

member is AIM2.21,22 The function of each inflammasome is 

different and depends on ligands and receptors. We summarize 

the types of inflammasomes, ligands, and functions in Table 1.

NLRP1 inflammasome is a sensor for muramyl dipeptide and 

Bacillus anthracis lethal toxin and forms a complex with ASC and 

CASP1.23,24 The abnormal regulation of NLRP1 is associated with 

many human diseases. For example, NLRP1-mediated pyroptosis 

is detected in cortical neurons of Alzheimer’s disease model. 

NLRP1 also activates CASP1, which results in the acute infla-

mmation in lungs and has catastrophic consequences for the 

organism.25,26 Our understanding of the inflammasome stems 
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Table 1. Types and activities of components forming inflammasome

Sensor Adaptor Function Ligand

NLRP1 ASC, CASP1 ∙ Recruits CASP1 through CARD domain
∙ Induces maturation of inactive cytokines
∙ Induces pyroptotic cell death

Lethal toxin, Muramyl dipeptide, 
ATP

NLRP3 ASC, CASP1 ∙ Forms complex with ASC and CASP1
∙ Is activated by released cathepsin B from damaged lysosomes
∙ Senses ROS directly or indirectly to activate the downstream signaling
∙ Involved in Th2 and Th17 polarization

Bacterial/viral DNA, extracellular 
ATP, monosodium urate, 
amyloid-, silica, asbestos

NLRC4 ASC, CASP1, 
NAIP

∙ Induces CASP1 proteolysis and cell death in macrophages
∙ Is highly expressed in hematopoietic tissues and cells
∙ Discriminates commensal bacteria from pathogens

Flagellin and type III secretion 
system of bacteria

NAIP NLRC4 ∙ Forms complex with NLRC4
∙ Involves in bacterial sensing and pyroptosis in macrophages and 

epithelial cells
∙ Protects neurons from calcium-induced cell death via CASP3-dependent 

manner

Cprl T3SS needle protein, 
Flagellin of Legionella 

NLRP6 ASC, CASP1 ∙ Regulates intestinal homeostasis by sensing alteration in gut flora
∙ Recruits ASC to activate CASP1 and release IL-1 and IL-18

Not identified

AIM2 ASC, CASP1 ∙ Recognizes cytoplasmic double stranded DNA to activate inflammasome 
pathway

∙ Forms ASC pyroptosome to induce cell death through activation of 
CASP1 and IL-1

Bacterial/viral DNA, self DNA of 
apoptotic cell

NLRP, nucleotide-binding domain and leucine-rich repeat containing receptor protein; NLRC, nucleotide-binding domain and leucine-rich repeat 
containing receptor family CARD domain containing; NAIP, nucleotide-binding domain and leucine-rich repeat containing receptor family apop-
tosis inhibitory protein; AIM, absent in melanoma; ASC, apoptosis-associated speck-like protein containing a caspase recruitment and activation 
domain; CASP1, caspase 1; CARD, caspase recruitment and activation domain; ROS, reactive oxygen species; IL, interleukin.

from the study of the NLRP3 inflammasome. NLRP3 recognizes 

various stimuli, including bacteria and their debris, and 

endogenous damage signals. NLRP3 can sense invaders, such as 

Sendai virus, Influenza virus, Candida albicans, Staphylococcus 
aureus, and bacterial pore-forming toxins.27-29 NLRP3 also reco-

gnizes extracellular ATP, monosodium urate, and hyaluronan to 

activate the inflammatory signaling.28,30 To deliver a common 

signal from diverse inputs, NLRP3 uses a combined mechanism, 

including reactive oxygen species (ROS), mitochondrial 

dysfunction, and potassium and calcium channel fluxes.31,32 

Mitochondria-derived ROS can activate the NLRP3 inflamma-

some by de-ubiquitination of NLRP3 through TLR4/MyD88 

signaling.33 This paper also suggests that extracellular ATP can 

prime the NLRP3 inflammasome through deubiquitination. A 

recent paper described that NLRP3 inflammasome regulates 

cholestasis-associated sepsis via sensing of bile acid and ATP.34 

NLRC4 can discriminate between commensal bacteria and 

pathogens to suppress their colonization and to coordinate 

intestinal epithelial cell expulsion with lipid mediator and 

cytokine secretion.35-37 Unlike other NLRs, NLRP6 has not been 

confirmed yet as true inflammasome. Although NLRP6 deficient 

mice show a resistance to infection with bacterial pathogens and 

to the defective autophagy in cells, binding ligands and detailed 

upstream signaling are not identified yet.38 NLRP6 is highly 

expressed in intestinal cells to regulate the colonic microbial 

ecology and functions as negative regulator of NF-B and MAPK 

signaling. AIM2 was originally isolated as a tumor suppressor 

gene in melanoma and later validated as non-NLR inflam-

masome.39 The HIN-200 domain of AIM2 senses double-strand 

DNA of bacterial origin and self-DNA of dead cells to induce the 

apoptotic or pyroptotic cell death.18,40 The specific role of the 

AIM2 inflammasome in brain injuries was confirmed with AIM2 

knockout mice after bacterial infection.41 Although many reports 

have been published about the role of inflammasomes in 

inflammatory signaling and human diseases, their signaling 

pathways from ligands, receptors, and adaptors to effectors are 

not fully understood.

DUAL ROLE OF INFLAMMASOME IN CANCER

Tumor cells are equipped with the ability to escape from or are 

resistant to programmed cell death mediated by apoptosis42 and 

necrosis.43 Tumor cells are also ignited by other lethal cascades to 

get into an immortal phase. ‘Pyroptosis’, an inflammasome-de-

pendent cell death is started by many pathological stimuli, such 

as stroke, heart attack, or cancer, and is critical for regulating 
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microbial infections.44 It is reasonable to assume that pyroptosis 

might contribute to cell-autonomous tumor suppression and is 

suppressed in carcinogenesis.16 CASP1, a key player in pyroptosis, 

was shown to be a tumor suppressor in a variety of human 

cancers. A significant decrease of CASP1 was observed in 

epithelial cells from prostate cancer tissues.45 Conversely, overe-

xpression of CASP1 in prostate cancer cell enhances the 

sensitivity to irradiation-induced cell death in vitro.46 CASP1 was 

also downregulated in ovarian cancer, demonstrating the 

downregulation of this caspase protein as a novel mechanism to 

enhance the resistance of cancer cell to apoptosis.47 Most findings 

on the role of inflammasomes in cancer are based on the 

application of inflammasome-deficient mice as chemical-induced 

carcinogenesis models. Roles of the inflammasome in colorectal 

cancer were defined by using a colitis-associated colon cancer 

(CAC) in the azoxymethane (AOM) and dextran-sulphate sodium 

(DSS) model. CASP1 deficient and NLRC4 deficient mice 

developed a large number of tumors and a more aggressive 

phenotype with the invasion of tumor cells compared to 

wild-type mice in the AOM-DSS colon cancer model. Both 

CASP1−/− and NLRC4−/− mice showed significantly enhanced 

proliferation in the early phase of the inflammation-induced 

carcinogenesis and reduced cell death in cancers instead of infla-

mmation modification.48 These findings support the central role 

of CASP1 in the prevention of colonic inflammation-induced 

tumor formation by mediating of the NLRC4 inflammasome. The 

inflammasome was also involved in UV radiation B (UVB) 

irradiation-induced inflammation by the constitutive expression 

of pro-IL-1 and IL-18 in keratinocytes.49 CASP1 activity is 

required for UVB-induced apoptosis in human keratinocyte, 

which further supports this finding.50 This study also indicates an 

early activation of inflammasome followed by apoptosis in 

UVB-irradiated human primary keratinocytes. Therefore, 

CASP1-mediated apoptosis may contribute to remove the 

premalignant cells and block the carcinogenesis process.

NLR family members participate in innate immune signaling 

through activation or inhibition of the inflammasome. Dysre-

gulation of NLR leads to various inflammatory diseases and 

auto-inflammatory immune disorders.51 NLR plays dual roles as a 

tumor suppressor or tumor promoter in the initiation, 

progression, and regression of cancer. NLRP3 is the best studied 

member of the NLR family. NLRP3 and CASP1 deficient mice were 

first found to be highly susceptible to AOM/DSS-induced 

colorectal tumor formation.52 The work suggested that NLRP3−/− 

and CASP1−/− mice, but not NLRC4−/−, showed an increase in 

colitis and CAC with a decrease in IL-18 expression during 

inflammatory processes. Moreover, expression of NLRP3 in 

hematopoietic cells, not epithelial cells or stromal cells, is crucial 

for protection against increased carcinogenesis. These data 

suggest that the NLRP3 inflammasome acts as a negative regulator 

in chemical-induced colorectal carcinogenesis. Another group 

found that the deficiency of NLRP3 or CASP1 in mice results in 

the loss of epithelial integrity by increasing the leukocyte 

infiltration and chemokine production in the colon, leading to 

higher mortality rates. Thus, the NLRP3 inflammasome is 

important for the maintenance of intestinal homeostasis and the 

protection against inflammatory diseases.53 The NLRP3 

inflammasome-mediated IL-18 production is required for the 

maturation of hepatic natural killer (NK) cells to enhance 

immunosurveillance against metastasis of colonic tumor cells 

into the mouse liver.54 In addition, IL-18 can suppress the 

intestinal carcinogenesis at late stages by inhibiting the 

expression of soluble IL-22 receptor and IL-22 binding proteins.55 

The NLRP3 inflammasome also exerts tumor suppressive 

functions with an adaptive immune response. ATP from the 

dying tumor cells could bind to purinergic receptor P2X, 

ligand-gated ion channel, 7 (P2RX7) receptors on dendritic cells to 

activate NLRP3 inflammasome and IL-1 receptor signaling. The 

lack of NLRP3 in mice results in the loss of IL-1 production and 

suppresses the effective CD8＋ T-cell response against tumors.56 

Anti-cancer effects of NLRP3 were also reported for the 

chemical-induced skin carcinogenesis model. Chow and 

colleagues showed that wild-type mice have increased cancer 

formation rates than NLRP3−/− mice, demonstrating that NLRP3 

is an important suppressor of NK cell-mediated regulation of 

carcinogenesis and metastases.57 Wei et al.58 also demonstrated 

either completely lost or markedly downregulation of NLRP3 in 

human hepatocellular carcinoma (HCC). Loss of NLRP3 highly 

correlated with poor HCC pathological condition and advanced 

stage of cancer. These findings support the idea that the NLRP3 

inflammasome functions as tumor suppressor in multi-stage 

carcinogenesis and deregulation of the inflammasome is 

important for HCC progression.

The suppressive activity of other NLRs in carcinogenesis was 

also reported. Together with CASP1, NLRC4 was shown as a 

negative regulator in the CAC model. NLRC4−/− mice showed 

significantly enhanced tumor numbers and burden in com-

parison with wild-type mice in the chemical-induced colorectal 

carcinogenesis model.48 CASP1 and NLRC4 were also found to 

suppress tumorigenesis in the AOM/DSS model. Interestingly, 

NLRC4 reduced the colonic epithelial and tumor cell proliferation 

and enhanced the cell apoptosis, but did not affect the 
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Figure 1. Protective roles of the inflammasome in cancer. Nucleotide-binding domain and leucine-rich repeat containing receptor Family 
Pyrin Domain Containing 3 (NLRP3) and NLRP6 regulate the induction of interleukin (IL)-18, supporting a protective role of inflammasome 
against colorectal cancer. IL-18 suppresses the expression of IL-22 and inhibits intestinal carcinogenesis at late stages. The NLRP3 in-
flammasome-mediated IL-18 production is required for the maturation of hepatic natural killer (NK) cells to enhance immunosurveillance 
against metastasis of colonic tumor cells into the liver. NLRP6-IL-18 axis is also involved in the maintenance of intestinal homeostasis and 
protection against colitis. Nucleotide-binding domain and leucine-rich repeat containing receptor family CARD domain containing 4 (NLRC4) 
suppresses colorectal cancer and melanoma through the enhancement of epithelial cell apoptosis and T cell activation. NLRP12 plays a role 
as tumor suppressor through the regulation of NF-B signaling, leading to the modulation of inflammatory signaling.

inflammation-induced AOM/DSS in mice. These data suggest that 

intrinsic effects in the colonic epithelial cells are the cause for the 

tumor promotion in NLRC4−/− mice.59 Anti-cancer roles of 

NLRC4 were also studied in melanoma growth using knockout 

mice. The subcutaneous implantation of mouse melanoma 

B16-F10 cells into NLRC4−/− mice enhanced the tumor sizes and 

tumor number compared with controls. Similar to NLRC4, the 

contribution of NLRP6 to colon cancer was also investigated using 

a mouse model. NLRP6−/− mice were hypersusceptible to 

AOM/DSS-induced colorectal carcinogenesis compare with wild 

type controls. The tumor development in NLRP6-deficient mice 

correlated with increased intestinal epithelial proliferation, as 

well as inflammatory cytokine productions that are associated 

with increased tumorigenicity.60 These data suggested a unique 

role of NLRP6 in the regulation of intestinal inflammation and 

colon carcinogenesis. In another study, NLRP6 was shown to 

suppress the inflammation-associated colon carcinogenesis by 

regulating tissue repair. These data demonstrate that NLRP6 may 

potentially act as a tumor suppressor in colon carcinogenesis 

through regulation and maintenance of intestinal inflam-

mation.61 Another member of the NLR family that displays a 

protective role in colorectal carcinogenesis is NLRP12. In the 

AOM/DSS-induced CAC model, wild-type mice exhibited a 

decreased tumor development, loss of tissue damage, and 

pro-inflammatory cytokine production in comparison with 

NLRP12−/− mice. The regulatory role of NLRP12 has been 

demonstrated through regulation of NF-B signaling, leading to 

inflammatory modification against tumorigenesis.62 In a recent 

study, NLRP12 was found to lower the expression in human 

ulcerative colitis. Lack of NLRP12 in mice caused an increased 

basal colonic inflammation, resulting in a less diverse micro-

biome, loss of protective gut commensal strains, and a greater 

abundance of colitogenic strains.63 Overall, chemical-induced 

carcinogenesis experiments demonstrate that inflammasomes 

have protective roles in various cancers. These tumor suppressive 

activities are likely dependent on inflammasome-mediated 

modulation of inflammatory signaling, engaging T-cell activities 

or cell death pathways (Fig. 1).

In contrast to the protective roles of inflammasomes in 

carcinogenesis, activation of inflammasome-mediated inflam-

matory responses also promote the carcinogenesis through 

suppression of the antitumor immunity in some cases. Apart 

from anti-cancer effects, pro-tumorigenic activities of NLRs were 

also markedly reported (Fig. 2). NLRP3 polymorphism has been 

shown to correlate with melanoma susceptibility, colorectal 

cancer, and myelomas survival.64 NLRP3 positively regulates the 

lung carcinogenesis and metastasis in the chemical-induced 

cancer model. In this case, NLRP3−/− mice suppress the 
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Figure 2. Pro-tumorigenic roles of the inflammasome in cancer. The nucleotide-binding domain and leucine-rich repeat containing receptor 
Family Pyrin Domain Containing 3 (NLRP3)-mediated interleukin (IL)-1 signaling suppresses the tumoricidal activity of natural killer (NK) 
and T cells to promote lung metastasis and mesothelioma. NLRP3-IL-1 axis results in the migration of myeloid-derived suppressor cells 
(MDSCs) to tumorigenic sites and promotes the gastric cancer. Overexpression of interferon (INF)- by absent in melanoma 2 (AIM2) and 
NLRP3 also enhances Janus kinase (JAK)/STAT signaling to promote the colon cancer. NF-B signaling activated by the nucleotide-binding domain
and leucine-rich repeat containing receptor family apoptosis inhibitory protein (NAIP) inflammasome is involved in the promotion of prostate
cancer through the induction of chronic inflammation.

spontaneous and experimental lung tumor metastasis compared 

with wild-type mice through regulation of NK cells and interferon 

(INF)- signaling. Mechanically, the expression of NLRP3 reduces 

the accumulation of CCL5 and CXCL9 in cancer and promotes the 

anti-metastatic function of NK cells. Consistent with this data, no 

anti-metastatic effects were observed in CASP1−/− and CASP11−/− 

mice.57 This data indicated a critical role of NLRP3 in development 

and metastasis of lung cancer. The pro-carcinogenic role of NLRP3 

was also identified with antitumor vaccines against the poorly 

immunogenic melanoma cell line B16-F10.65 In this study, 

vaccinated NLRP3−/− mice showed higher survival rates com-

pared with control mice. The survival advantage of the NLRP3−/− 

mouse has been explained by reduced numbers of mye-

loid-derived suppressor cells (MDSCs), but not through 

differences in dendritic cells. Knockdown of NLRP3 in MDSCs 

results in the suppressed migration of MDSCs to the tumor site. 

These data suggested a critical role of NLRP3 for the expansion of 

MDSCs, the migration of MDSCs to tumors, and the suppression 

of antitumor T cell activity after immune cell vaccination.65 The 

pro-tumor role of NLRP3 in mesothelioma was also identified. 

NLRP3−/− mice and wild-type mice were applied to a model of 

mesothelioma by injecting asbestos fibers in solution into the 

peritoneum. The survival and tumor incidence were not different 

between mouse strains, but the infiltration of pro-inflammatory 

cells, including NK cells, CD4＋ T cells, CD8＋ T cells, 

macrophages, and neutrophils, was increased in wild-type mice 

compared with NLRP3−/− mice, suggesting a defective 

inflammatory response in NLRP3-deficient mice. NLRP3−/− mice 

suppressed the tumor growth in a two-stage carcinogen-induced 

skin cancer model compared with controls. These results suggest 

cancer promoting activity of NLRP3 in skin cancer.66 The 

reduction of IL-18 expression in NLRP3 or NLRP6 deficient mice 

indicated the pro-tumorigenic activity of NLRP3 in colon 

carcinogenesis.52,53,60 Additionally, treatment of recombinant 

IL-18 can rescue the colitis-induced injuries and suppress the 

colitis-associated carcinogenesis in NLRP3−/− mice.67 The 

biphasic effects of IL-18 were also published by another group. 

The downregulation of IL-18 is always correlated with the 

increase of other pro-inflammatory cytokines and chemokines, 

including IL-1, IL-6, TNF-, macrophage inflammatory protein 

(MIP)1, MIP2, and matrix metalloproteinase (MMP). Increased 

IL-6 secretion is linked to the abnormal long activation of the 

STAT3 signaling pathway. Prolonged STAT3 activation enhances 

the sustained expression of IL-6-induced proteins that play 

important roles in inflammation and carcinogenesis.68 As an 

inducer of INF-, IL-18 upregulates the expression of INF- and 

subsequently activates several intrinsic cellular pathways such as 

Janus kinase (JAK)-STAT signaling.69 Activation of JAK-STAT 

signaling leads to nuclear translocation of the STAT1 protein, and 

increases the transcription regulation of INF--induced genes, 

which are responsible for proliferation, differentiation, and cell 

death. Therefore, IL-18-INF--STAT1 axis activation is involved in 
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Table 2. Potential therapeutic agents for targeting the inflammasome in carcinogenesis

Agent Target Outcome and acting mechanism Reference no.

Anakinra IL-1 receptor Inhibits the IL-6 production and enhances the progress-free survival of patients with indolent 
myeloma

90

Is considered as an attractive therapeutic approach by blocking the IL-1-mediated 
IL-6 production in Castleman’s disease

91

Significantly suppresses the growth of breast cancer and bone metastasis through 
reducing cell proliferation and angiogenesis

92

Thalidomide NLRP3 Exerts inhibitory effects on the NLRP3 inflammasome through blocking of the CASP1 activity 82, 83
CRID3 NLRP3, AIM2 Blocks the oligomerization of ASC to inhibit the inflammasome activation 86, 87
MCC950 NLRP3 Is a small molecule inhibitor for the canonical and non-canonical NLRP3 activation to 

block the oligomerization of ASC
88

CRID3, cytokine release inhibitory drug 3; MCC950, 1-(1,2,3,5,6,7-hexahydro-s-indacen-4-yl)-3-[4-(2-hydroxypropan-2-yl)furan-2-yl]sulfonylurea; IL, 
interleukin; NLRP, nucleotide-binding domain and leucine-rich repeat containing receptor protein; AIM, absent in melanoma; CASP1, caspase 
1; ASC, apoptosis-associated speck-like protein containing a caspase recruitment and activation domain.

colon carcinogenesis.67 Increasing the IL-18 secretion and STAT3 

activation could positively regulate the expression of 

antimicrobial peptides Reg3 and Reg3. The overexpression of 

Reg3 and Reg3 will maintain the activation of STAT3 and AKT 

signaling in a feed-back loop, leading to the dysregulated crypt 

formation and increased susceptibility of CAC.70 Unlike IL-18, 

inflammasome-mediated IL-1 is not relevant to CAC, but was 

shown in sunburn-like inflammation and skin carcinogenesis.71 

The activation of the inflammasome results in the enhanced 

expression of pro-inflammatory cytokines, especially IL-1, in 

mouse skin co-exposed to arsenic and UVB irradiation, followed 

by severe epidermal hyperplasia and DNA damage.72 Conse-

quently, the suppression of the IL-1 signaling pathway can 

protect the keratinocyte from carcinogenesis. IL-1 may also play 

a role in angiogenesis and invasiveness. In melanoma, the 

activation of the NLRP3 inflammasome by opening P2X7/PANX1 

results in the increased release of pro-inflammatory mediators, 

especially IL-1. The increased secretion of IL-1 correlates with 

the enhanced migration and metastatic potential of melanoma.73 

Mouse lung cancer cells that constitutively express IL-1 are 

more aggressive and show an increased angiogenesis than those 

of non-transgenic counterpart control mice.74 Systemic inhibition 

of IL-1 with anakinra suppressed the growth and density of new 

vessels in IL-1-producing human tumor cell lines.75

Evidence for the pro-cancer roles of other NLRs is also 

published. NAIPs are a family of NLRs with seven paralogs in mice 

and only one in human (hNAIP). The involvement of NAIP in 

cancer progression has been investigated. The Naip allele is 

frequently methylated in normal oral mucosa tissues, however, 

NAIP expression was found to significantly increase in 

malignantly transformed oral squamous cell carcinomas com-

pared with the corresponding oral malignant disorders.76 

Another group indicated an elevated NAIP expression in response 

to androgen depletion in prostate cancer and a correlation with 

an increased NF-B DNA-binding activity.77 The NAIP expression 

might be an important event in carcinogenesis. NLRP1 was the 

first member of the NLR family to be identified with the 

inflammasome assembly and CASP1 activation.13 Like NLRP3, 

NLRP6, and NLRC4, NLRP1 also displayed a protective role in an 

AOM/DSS chemical-induced colitis carcinogenesis model. The 

NLRP1 allele was found more frequently in malignant 

mesothelioma78 and is associated with giant cell arteritis.79 This 

evidence for a pro-cancer role of NLRP1 in tumor progression is 

still poor, therefore, more experiments need to be performed. 

Beside NLR inflammasomes, the AIM2 inflammasome is also 

known as a suppressor in certain cancers. However, a recent study 

showed that AIM2 activation could enhance INF--independently 

and -dependently stimulated genes, which are involved in 

carcinogenesis. This group also reported that AIM2 in 

inflammasome-mediated cell death was not found in colorectal 

cancer cells.80 Overall, the results discussed above indicate that 

inflammasome components and their products play crucial roles 

in both promoting and suppressing inflammation-associated 

carcinogenesis in stimuli, cancer and context-dependent manner.

THERAPEUTIC APPROACHES 
TARGETING INFLAMMASOME

Therapeutic approaches targeting the inflammasome have 

been developed to overcome human cancer (Table 2). Although 

inflammasomes have been revealed in diverse pathologies, 

common approaches can reduce and dampen the inflammation 

where appropriate. Several developed reagents that particularly 

target the inflammasome or CASP1 activity are limited by 
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off-target effects on different inflammasome components and 

caspases, as well as side effects from excessive inhibition of 

inflammasome activities.81 Thalidomide possesses the 

antiangiogenic activities to block myeloma growth in 25% to 35% 

of patients with relapsed cancers.82 Although the anti-tu-

morigenic mechanism of thalidomide is not fully understood yet, 

thalidomide may function as immunomodulator through 

inhibition of NLRP3 inflammasome and IL-1 secretion.83 These 

anti-neoplastic effects of thalidomide suggest that this agent 

might act in myeloma through CASP1 inhibition and disruption 

of the IL-1-IL-6 loop. Because the P2RX7 receptor is involved in 

the NLRP3/CASP1 cascade for the immunogenicity of dead cancer 

cells, it is a potent target for chemotherapy. In mouse models, the 

inhibition of P2RX7 with oxidized ATP or VEGF-blocking 

antibody, Avastin, suppressed the tumor growth.84 In contrast, 

inactivation of the P2RX7 receptor inhibits inflammation, but 

promotes tumor incidence in colitis-associated carcinogenesis 

model.85 Therefore, more in-depth studies are required to use the 

P2RX7 inhibitor for the treatment of human cancers. As a trial for 

developing anti-inflammatory drugs, researchers designed the 

cytokine release inhibitory drug 3 (CRID3; CP-456,773), which 

blocks ASC oligomerization at the initial step of inflammasome 

activation and modulates the progression of the disease.86,87 Due 

to the involvement of oligomerization of ASC in inflammasome 

activation, blocking this process by CRID3 may provide another 

option to treat human cancer. To modulate the NLRP3 inflam-

masome-involved human diseases, a selective small-molecule 

inhibitor of NLRP3 (MCC950) was also developed and validated in 

several disease models.88 Because this molecule is specific for 

NLRP3 inflammasome rather than other inflammasomes, it can 

be used as potent therapeutics against NLRP3 inflamma-

some-involved human cancer.

Many groups have paid attention to the development of 

compounds to inhibit the IL-1 signaling activity as another 

strategy for inflammasome inhibition as cancer therapeutics. The 

specific inhibitors of IL-1 signaling include monoclonal antibo-

dies and recombinant derivatives of IL-1RN, which neutralize 

both IL-1 and IL-1, respectively.89 Treatment of the IL-1 

antagonist has shown an effectiveness in a variety of disorders, 

which results in a significant benefit for patients. Because the 

myeloma-derived IL-1 induced the IL-6 production in bone 

marrow stroma cells, blocking the IL-1 signaling by the IL-1 

receptor antagonist, anakinra, showed an inhibitory efficacy to 

the IL-6 production and enhanced the progress-free survival of 

patients with indolent myeloma in clinical treatment.90 

Treatment with anakinra has also been reported to be an 

attractive therapeutic approach for refractory multicentric 

Castleman’s disease, a very rare lymphoproliferative disorder.91 

This anti-tumorigenic activity of anakinra may originate from 

blocking of the IL-1-mediated production of IL-6, which is a key 

factor for inflammation-associated cancer. Anakinra also 

significantly reduced the growth of breast cancer and bone 

metastasis. It did not promote the apoptosis of tumor cells, but 

markedly reduced the proliferation and angiogenesis in addition 

to exerting significant effects on the tumor environment by 

reducing bone turnover effectors, such as IL-1 and TNF-.92

While chemotherapy treatments have been successfully 

performed against many types of cancer, they often cause severe 

side effects which depend on the cancer types, locations, kinds of 

drug, and doses. Five-floururacil (5-FU), doxorubicin, and 

bleomycin are the most common drugs for cancer chemotherapy 

that positively regulate NLRP3 inflammasome activities. Co-treat-

ment of the IL-1 inhibitors might be useful for modulating 

genotoxic chemotherapy-induced side effects. Pretreatment of 

IL-1 inhibitor (IL-1Ra) reduced the acute lethal toxicity and bone 

marrow suppression, induced by 5-FU in hematopoietic cells, 

further supporting this idea.93 IL-1 inhibitors can also reduce 

doxorubicin-triggered cardiotoxicity and dose-dependent con-

gestive heart failure.94 Pulmonary fibrosis elicited by bleomycin 

can be eliminated via cotreatment of IL-1 inhibitor.95 In contrast, 

IL-1 inhibitors suppress the anti-cancer effects of oxaliplatin or 

anthracyclines.96 Therefore, clinical use of IL-1 inhibitors 

should be carefully performed by considering the context and 

type of cancer.

CONCLUSIONS

As described above, the inflammasome signaling is closely 

associated with many human cancers. The activation of 

inflammasome with various insults enhances the secretion of 

inflammatory cytokines, leading to infiltration of more immune 

cells and resulting in the generation and maintenance of an 

inflammatory microenvironment surrounding cancer cells. In 

the process of carcinogenesis, the inflammasome also inhibits 

the anti-carcinogenic activity of NK cell- and T cell-mediated 

immunosurveillance. It also promotes the angiogenesis and 

metastasis of cancer through the IL-1-dependent upregulation 

of CCL2, COX 2, and fibroblast growth factor 2. In contrast to its 

pro-carcinogenic activity, the inflammasome also has the ability 

to suppress the cancer growth in many studies. Its anti-carci-

nogenic activity has its origin from the pyroptotic cell death of 

premalignant cells and the suppression of immune responses 
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against potentially pathogenic microbes through the recruitment 

of cytotoxic immune cells. The inflammasome is also involved in 

chemotherapy-induced anticancer immune responses by sensing 

immunogenic signals that are exposed to or released from dying 

cells. 

Although many achievements were accomplished during the 

research of inflammasomes and carcinogenesis, there are still 

many questions to be answered. Why does inflammasome have 

an ambivalent activity in cancer development? It is well known 

that each protein has a specific function depending on existing 

tissues. ASC functions as an oncoprotein in myeloid cells for skin 

cancer but inhibits skin carcinogenesis in keratinocyte. The 

NLRP3 inflammasome functions mainly in myeloid cells while 

the NLRC4 inflammasome works in epithelial cells in colon 

carcinogenesis. Occasionally the same proteins such as TGF- 

show opposite activities in the process of carcinogenesis 

depending on cancer stage. Further studies are required to 

confirm whether the same inflammasome shows different 

activities on cancer, depending on the grade. Are all 22 NLRs 

involved in the modulation of the inflammatory signaling for 

human carcinogenesis? The regulatory mechanism between 

different NLR members is still unclear. Only several NLRs have 

been studied regarding ligands, signaling pathways, and role in 

human diseases. If we can clarify the detailed regulatory 

mechanism for all NLRs, we will better understand the more 

delicate functions of the inflammasome in carcinogenesis. What 

is the molecular mechanism of the activation or suppression of 

inflammasomes in the cancer microenvironment? If we identify 

the regulatory factors for the inflammasome, those factors can be 

used as biomarkers for the prognosis of and therapeutic targets 

against various cancers. Although there are still many knowledge 

gaps for the function of the inflammasome in carcinogenesis, 

understanding its signaling pathway, regulatory mechanism, and 

pathological significance will give us a chance to develop new 

therapeutic strategies for the prevention and treatment of 

human malignant cancers.
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