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AIM2 is a cytosolic innate immune receptor which recognizes double-stranded DNA
(dsDNA) released during cellular perturbation and pathogenic assault. AIM2 recogni-
tion of dsDNA leads to the assembly of a large multiprotein oligomeric complex termed
the inflammasome. This inflammasome assembly leads to the secretion of bioactive
interleukin-1f (IL-1p) and IL-18 and induction of an inflammatory form of cell death
called pyroptosis. Sensing of dsDNA by AIM2 in the cytosol is crucial to mediate protec-
tion against the invading pathogens including bacteria, virus, fungi and parasites. AIM2
also responds to dsDNA released from damaged host cells, resulting in the secretion of the
effector cytokines thereby driving the progression of sterile inflammatory diseases such
as skin disease, neuronal disease, chronic kidney disease, cardiovascular disease and
diabetes. Additionally, the protection mediated by AIM2 in the development of colorectal
cancer depends on its ability to regulate epithelial cell proliferation and gut microbiota
in maintaining intestinal homeostasis independently of the effector cytokines. In this
review, we will highlight the recent progress on the role of the AIM2 inflammasome as
a guardian of cellular integrity in modulating chronic inflammatory diseases, cancer and

infection.
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Introduction

The innate immune system is made up of a set of germ-line—
encoded pattern recognition receptors (PRRs) which act as a
shield against pathogen-associated molecular patterns (PAMPs)
and damage-associated molecular patterns (DAMPs) [1]. The
PRRs are classified according to their cellular localization, ligand
specificity and function. Based on their cellular localization, PRRs
are classified as membrane-bound PRRs or cytoplasmic PRRs. The
membrane-bound PRRs include Toll-like receptors (TLRs) and
the C-type lectin receptors (CLRs), while the cytoplasmic PRRs
include the NOD-like receptor (NLRs), the RIG-I-like receptors
(retinoic acid-inducible gene-I-like receptors, or RLRs) and the
absent in melanoma 2 (AIM2)-like receptors (ALRs) [2]. The lig-
and specificities of these receptors and their signaling cascades are
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relatively well characterized. The ability of intracellular DNA to
cause immune responses has led to the discovery of several ALRs.
The number of ALR genes varies widely among mammals, rang-
ing from four in humans (AIM2, IFI16, PYHIN1 and MNDA) to 13
in mice [3]. Although ALRs have been characterized by the pyrin
signaling domain (PYD) and the DNA-binding HIN domain, there
is a significant lack of orthology among mammalian ALRs with the
exception of AIM2 [4]. Unlike other DNA sensors that are involved
in the interferon (IFN)-stimulatory DNA (ISD) pathway, AIM2
assembles a macromolecular complex termed the inflammasome
in response to cytosolic double-stranded DNA (dsDNA) [5-8].
AIM2 inflammasome activation drives pyroptosis and proteolytic
maturation of the proinflammatory cytokines IL-18 and IL-18 [7].
dsDNA binds to the HIN domain of AIM2 regardless of its sequence.
The sugar phosphate backbone of dsDNA interacts with the posi-
tively charged HIN-200 domain via electrostatic interactions that
relieve PYD for self-oligomerization and its interaction with ASC
for inflammasome activation [9]. A recent study has demonstrated
that the PYD of AIM2 can also self-oligomerize to induce its
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activation [10]. AIM2-dependent effector cytokines and pyropto-
sis contribute to host protection against microbial infection [11].
Although the AIM2 inflammasome is protective in infectious dis-
eases, it is often detrimental in several sterile inflammatory dis-
eases including atherosclerosis [12, 13], chronic kidney disease
(CKD) [14], skin disease [15], liver disease [16] and neuroin-
flammation [17]. In addition to these inflammasome-dependent
functions, AIM2 also inhibits colorectal tumorigenesis, [18-20]
which is independent of its inflammasome function. In this review,
we will discuss the recent progress on the regulation of the AIM2
inflammasome and its biological functions in sterile inflammatory
diseases, infectious diseases and cancer.

Regulation of AIM2 inflammasome
activation

Inappropriate inflammasome activation leads to the progression
and development of several inflammatory diseases. Therefore,
fine tuning of inflammasome activation in homeostasis and dis-
ease pathogenesis is crucial. In homeostatic conditions, sensing
of self-DNA by AIM2 is regulated by conserved mechanisms that
have been evolved to compartmentalize self-DNA to the nucleus
or degrade mislocalized DNA [21]. Interestingly, DNA sequences,
such as the TTAGGG repeat, which is mostly found in mammalian
telomeric DNA, inhibit AIM2 inflammasome activation [22] by
competing with dsDNA to maintain the inhibitory state of AIM2.
Under homeostatic conditions, an intramolecular complex of the
PYD and HIN domains of AIM2 maintains the inhibitory state;
this is released upon binding of dsDNA to the HIN domain,
thereby allowing PYD to be free for the subsequent interaction
with ASC and polymerization [6, 7]. The molecules which hinder
the binding of dsDNA to the HIN domain are likely to suppress
AIM2 inflammasome activation. One such molecule is interferon-
inducible protein (IFI) 16, which is a newly identified human
IFI16 isoform that has similar structure to mouse p202, which
is a disease locus for lupus. IFI16p and p202 interact with the
HIN domain to inhibit AIM2 oligomerization and subsequent poly-
merization of ASC, which are the essential steps of AIM2 inflam-
masome activation [8, 23]. Interestingly, IFN-inducible protein
PYD-only protein 3 (POP3) also negatively regulates AIM2 inflam-
masome activation, but it does so uniquely by competing with
ASC and inhibiting its recruitment to AIM2 [24] (Fig. 1). Besides
this inhibition, the viral protein pUL83 released during human
cytomegalovirus (HCMV) infection interacts with AIM2 to inhibit
AIM2 inflammasome activation [25]. Similarly, herpes simplex
virus-1 (HSV-1) tegument protein, VP22, inhibits oligomerization
of AIM2, which is required for activation of the AIM2 inflamma-
some, thus promoting viral replication [26]. Hepatitis B e-antigen
(HBeAG) was found to inhibit AIM2 inflammasome activation
by interfering with the transcription and mature secretion of IL-
1 in peripheral blood mononuclear cells (PBMCs) [27]. Similarly,
HCMV IE86 protein was reported to inhibit the AIM2 inflamma-
some by obstructing pro-IL-18 mRNA synthesis and degradation
of the immature protein [28].
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Post-translational modification has already been demonstrated
to play a crucial role in the activation of inflammasomes [29]. Such
post-translational modification may regulate AIM2 inflammasome
activation. Indeed, ubiquitinated TRIM11 has been reported to
facilitate AIM2 inflammasome degradation upon DNA stimulation
via p62-dependent selective autophagy [30]. Molecules which
are also involved in interferon production and signaling are
known to regulate AIM2 inflammasome activation during Fran-
cisella novicida (F. novicida) infection. However, transfection of
dsDNA into the cytoplasm can directly activate AIM2 in the cells
lacking IFN-associated molecules, ruling out a requirement for
“priming” in AIM2 inflammasome activation [11]. Type I IFN
signaling induced during F. novicida infection upregulates IFN-
inducible proteins including guanylate-binding proteins (GBPs)
and immunity-related GTPases (IRGs) by the transcription fac-
tor IRF1 [31]. Moreover, GBP family members GBP2 and GBP5
together with IRGB10 induce bacteriolysis, thereby releasing bac-
terial DNA into the host cytosol for sensing by the AIM2 inflam-
masome [31] (Fig. 1). Although much progress has been made in
understanding AIM2 inflammasome assembly, several questions
remain unanswered. Carefully designed experiments are required
to answer these questions.

Role of AIM2 in sterile inflammatory
diseases

Skin disease

AIM2 expression is strongly upregulated in inflamed skin such as
in psoriasis, atopic dermatitis, contact dermatitis and experimental
wounds, and AIM2 is associated with the development of skin dis-
eases in humans [15]. In the model of psoriasis, the mice lacking
IL-1 receptor antagonist (IL-1Ra) develop severe skin inflamma-
tion, suggesting a pathogenic role for IL-18 in skin disease [32].
Importantly, the cytosolic DNA-induced IL-1f release in the ker-
atinocytes indicates the involvement of the AIM2 inflammasome in
the production of IL-18. The abrogation of poly (dA:dT)-mediated
IL-1B release in Aim2-silenced primary human keratinocytes fur-
ther supports that AIM2 plays a pathogenic role in skin inflamma-
tory diseases [33]. However, the source of cytosolic DNA in psori-
atic keratinocytes remains unknown. It could be possible that the
extracellular DNA from dying cells may be recognized by cytoso-
lic AIM2. Further studies are warranted to fully understand the
specific function of the AIM2 inflammasome in the skin and its
mechanistic role in keratinocytes that promotes sterile inflamma-
tory skin diseases.

Chronic kidney disease and diabetes
Chronic inflammation mediated by inflammasome activation is
associated with the pathogenesis of CKD. The inflammasome effec-

tor cytokines IL-18 and IL-1p are shown to be detrimental dur-
ing CKD in a mouse model of ischemia-reperfusion injury (IRI)
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Figure 1. Regulation of AIM2 inflammasome activation. AIM2 is a dsDNA sensor and is composed of C-terminal HIN-200 domain and N-terminal
pyrin domain. AIM2 forms an inflammasome when dsDNA from a number of microbial pathogens and host DNA from cellular damage binds to the
HIN-200 domain of AIM2. The cytosolic bacterium Francisella novicida induces the production of type I IFNs via the c-GAS/STING pathway. Type I
IFNs activate IRF1. IRF1 then induces the upregulation of Gbp5 and Irgb10. These IFN-inducible proteins directly attack the bacterial membrane of
F. novicida, releasing its DNA into the cytoplasm,; its DNA binds to AIM2. The DNA virus MCMV, transfected poly(dA:dT), host DNA from cellular
damage and fungal ligands from Aspergillus fumigatus activate AIM2 via a non-canonical pathway bypassing the requirement of type I IFNs. Ionizing
radiation induces dsDNA breaks in host cells, leading to the redistribution of AIM2 and ASC into the DNA breakage area of the nucleus. AIM2 and
ASC then translocate to the cytoplasm to assemble an inflammasome complex. AIM2 activation can be inhibited by a mouse p202, a bipartite
protein containing two HIN domains that interact with the HIN domain of AIM2. AIM2 can also be inhibited by human POP1 and POP3. During
inflammasome activation, ASC brings caspase-1 to the inflammasome complex by CARD-CARD interactions. Activated caspase-1 then leads to
the induction of pyroptosis via the proteolytic cleavage of the N-terminal domain of gasdermin D that generates pores on the host cell membrane
from which the proteolytically cleaved form of proinflammatory cytokines IL-1p and IL-18 are released.

[34, 35]. Mice deficient in IL-18 have shown better kidney function
with reduced accumulation of neutrophils and macrophages and
decreased expression of proinflammatory molecules when com-
pared with IL-18-sufficient mice. Bone marrow chimeras in these
mice have demonstrated that IL-18 produced from the hematopoi-
etic compartment contributed to the renal damage [35]. The
role of these cytokines in driving CKD in an NLRP3-dependent
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manner is well established [36], and the contribution of the
AIM2 inflammasome in the production of these cytokines has only
recently been suggested. This study demonstrated that Aim2~~
macrophages that have engulfed necrotic cell DNA showed atten-
uated IL-1p release [14]. In this study, Aim2”~ mice showed
reduced renal injury, fibrosis and inflammation when compared
with wild type littermates in a mouse model of unilateral urethral
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Figure 2. Role of AIM?2 in chronic kidney dis-
ease. Acute kidney injury leads to the necrosis
of tubular cells and releases DNA. The released
DNA is taken up by neighboring macrophages,
activating the AIM2 inflammasome. The acti-
vation of the AIM2 inflammasome leads to the
formation of proinflammatory cytokines, such
as IL-18 and IL-18, promoting chronic kidney
inflammation.

obstruction (UUO). This is correlated with the reduced levels of
the inflammasome effector cytokines IL-8 and IL-18 found in the
kidney samples from Aim2~~ mice. A bone marrow chimera study
suggests that AIM2 functions in the myeloid compartment in pro-
moting the disease [14]. Overall, these findings suggest that the
necrotic DNA in the kidney is recognized by the AIM2 inflamma-
some to drive macrophage IL-18 and IL-18 release in the patho-
genesis of CKD (Fig. 2).

Although one of the predisposing factors of chronic kidney
failure is diabetes [37], the role of the AIM2 inflammasome in
diabetes has not been well explored. A recent study has found
increased expression of AIM2 in monocytes from patients with
type 2 diabetes (T2D) compared with its expression in monocytes
from healthy control patients. Likewise, the increased level of cell-
free mitochondrial-DNA (mtDNA) in sera from patients with T2D
compared with the level in sera from healthy control patients is
positively correlated with the pathology. The increased content of
mtDNA in peripheral blood or leukocytes is shown to be associated
with T2D nephropathy or hyperglycemia, respectively [38]. The
mtDNA potentially may engage AIM2 inflammasome activation
for the release of effector cytokines. The mtDNA released during
mitochondrial stress resulting from infection or potentially dietary
lipid overload has been shown to assemble the AIM2 inflamma-
some [39]. These findings suggest that the expression and acti-
vation of AIM2 and the increase in circulating mtDNA levels may
contribute to the inflammatory process in patients with T2D [40].

Atherosclerosis

The dynamic interplay between macrophages, vascular smooth
muscle cells (VSMCs) and myeloid cells dictates the develop-
ment of cardiovascular diseases. Many clinical and experimen-
tal studies have reported that the innate immune responses
mounted by inflammasome-dependent cytokines IL-18 and IL-
1B facilitate the development of cardiovascular diseases such as
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atherosclerosis and abdominal aortic aneurysm (AAA) [41, 42].
The CANTOS (Canakinumab Anti-Inflammatory Thrombosis Out-
come Study) has recently revealed that therapeutic IL-1p neutral-
ization in patients with established atherosclerotic disease signif-
icantly reduces the incidence of a recurrent cardiovascular event
[43], implicating that inflammasome-mediated cytokines can be
atherogenic. Although most of the previous studies have suggested
a role for the NLRP3 inflammasome in promoting atherosclerosis
[44, 451, a later study has explored the pathogenic function of the
AIM2 inflammasome in atherosclerosis [12]. Using the atheroscle-
rosis prone ApoE”~ mouse model, the study demonstrated the
improved histopathological features in high-fat diet—fed ApoE~~
mice lacking AIM2 when compared with littermate ApoE~~ mice.
Similarly, the treatment of hypercholesterolemic mice with AIM2-
antagonizing synthetic oligonucleotide A151 reduced the levels
of atherogenic cytokines IL-18 and IL-18 within the atheroscle-
rotic lesions [12]. Abundant Aim2 expression has correlated with
heightened deposition of dsDNA at later stages of atherosclerosis.
It is noteworthy that AIM2 has recently been identified in human
atherosclerotic lesions in proximity to necrotic cores [13]. It is
possible that dsDNA released from necrotic cells during advanced
atherosclerosis activates the AIM2 inflammasome for the release of
atherogenic cytokines. The cell death mediated by AIM2 may aid
in the deposition of dsDNA in the necrotic cores. Oxidized low-
density lipoprotein (ox-LDL), a major risk factor for atheroscle-
rosis, has been shown to promote VSMCs death in an AIM2-
dependent manner (Fig. 3). The observation that overexpression
of AIM2 resulted in more gasdermin D (GSDMD) activity and vice
versa in atherosclerotic plaques of ApoE~~ mice has further sup-
ported the role of AIM2 in mediating pyroptotic cell death [46].
In addition, recruitment of more macrophages in the plaque of
ApoE~~ mice is associated with the ability of AIM2 to promote
intracellular adhesion molecule-1 (ICAM-1) expression in VSMCs.
AIM2 also promotes the migration of VSMCs by increasing TGF-
B, SMAD2 and SMAD3 activity [47] (Fig. 3). Although the pre-
cise regulatory mechanism by which AIM2 induces these genes
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Figure 3. Role of AIM2 in atherosclerosis. dsDNA released from necrotic cells during advanced atherosclerosis activates the AIM2 inflammasome
in macrophages and releases inflammasome effector cytokines, IL-18 and IL-18. These cytokines promote the formation of atherosclerotic plaque.
Additionally, oxidized LDL promotes Aim2 gene expression in vascular smooth muscle cells. IFN-y produced from activated macrophages and
oxidized LDL activates MMP-2, SMAD-2 and SMAD-3, which are dependent on AIM2 and enhance the proliferation of smooth muscle cells,

worsening atherosclerosis.

has not been reported, we can postulate that the development
of atherosclerosis might be due to the indirect effect of cytokines
released in response to AIM2 inflammasome activation. Further-
more, the detrimental role of AIM2 on cardiovascular health has
been indicated by another study which showed increased AIM2
expression in the heart tissue of mice subjected to streptozotocin
(STZ)-induced diabetes. Also, when H9C2 cardiac myoblasts are
treated with higher concentration of glucose, the AIM2 expres-
sion and pyroptotic cell death increased; whereas, the silencing of
AIM2 alleviated GSDMD activity and pyroptosis in these cells [48].
However, how AIM2 gets activated in the cardiac myoblasts dur-
ing hyperglycemia is a question of discussion. One possibility is
that STZ-induced reactive oxygen species may be releasing dsDNA
into the cytosol to activate AIM2. Overall, these findings suggest
a detrimental role for AIM2 in the progression of cardiovascular
diseases and provide a new insight into the molecular mecha-
nisms of vascular inflammation. Nevertheless, understanding the
cellular sources of dsDNA and their mechanism to activate the
AIM2 inflammasome in the context of these disease would be an
interesting question to follow up.

Neuronal disease

Neuroinflammation is an immune response that guards host neu-
ronal cells from harmful stimuli mainly by regulating the produc-
tion of proinflammatory cytokines [49]. The reduced brain injury
in IL187~ mice compared with that in wild type mice subjected
to hypoxic ischemia suggests a detrimental role for the inflam-
masome in the pathophysiology of neuroinflammation [50]. Neu-
ronal cell death contributes to many chronic neurodegenerative
diseases [51]. AIM2 inflammasome activation in neurons by the
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cerebrospinal fluid (CSF) from patients with traumatic brain injury
suggests a potential pathogenic role for AIM2 in neuronal dis-
ease [52]. In this study, the embryonic cortical neurons expressing
a functional AIM2 underwent pyroptosis when exposed to the CSF
from the patients with traumatic brain injury as compared with
those exposed to the CSF from patients without traumatic brain
injury. Further, the detrimental role of AIM2 on ischemic brain
injury has been also shown in a rodent model of brain stroke [17].
The addition of dsDNA to cultured neurons induces IL-1p secretion
in an AIM2-dependent manner and consequently enhances axon
extension and downregulates dendritic growth, leading to the reg-
ulation of neuronal morphology. In addition, Aim2~~ mice have
shown lower locomotor activity, increased anxious behavior and
reduced memory of auditory fear, suggesting a pathogenic role
for the AIM2 inflammasome in neuronal morphology and mouse
behaviors [53]. Although the activation of the AIM2 inflamma-
some has been found to be pathogenic in the context of ster-
ile neuronal diseases, AIM2 inflammasome-mediated pyroptosis is
protective to limit EV-A71-induced viral replication in neuronal
cells [54], suggesting a context-specific outcome for AIM2 inflam-
masome activation.

Colitis and cancer

Chronic inflammatory conditions predispose tissue for the devel-
opment of cancer [55]. Remarkably, inflammasome signaling is
implicated in virtually every aspect of tumor development, per-
forming either tumor suppressive or pro-tumorigenic functions
[20, 56]. Studies have indicated that the role of AIM2 in tumori-
genesis is bidirectional and that the outcome varies depending on
the type of cancer. AIM2 has tumor-suppressive function in colon
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Figure 4. Role of AIM2 in colitis and colon cancer. AIM2-mediated IL-18 production from the intestinal epithelial cells downregulates the expression
of IL-22BP and consequently enhances the availability of IL-22 in the colon. IL-22 then regulates the expression of antimicrobial peptides such as
Reg3p and Reg3y to regulate colitis. AIM2 interacts with DNA-PK in colonic epithelial cells and inhibits the phosphorylation of AKT and c-Myc,

resulting in the prevention of colon tumor formation.

cancer and hepatic cancer [20] but has tumor-promoting function
in cutaneous squamous cell carcinoma (SCC) [57].

In the small and large intestine of patients with inflammatory
bowel disease, AIM2 is predominantly expressed in macrophages
and epithelial cells, suggesting a role for AIM2 in gut-related
inflammatory diseases [58, 59]. The Aim2 gene contains a site
for microsatellite instability that results in frequent gene muta-
tion in colorectal cancer (CRC) and small bowel cancers [60, 61].
Two independent studies have suggested that AIM2 is required to
inhibit the development of CRC [18, 62]. Studies have shown that
in the colon of AIM2-deficient mice, there was a greater number
of tumors compared with the number in wild type mice. However,
these mice produced similar levels of the inflammasome effector
cytokines, indicating an inflammasome-independent function of
AIM2 in colorectal tumorigenesis. AIM2 inhibits overt prolifera-
tion of colonic stem cells and promotes cell death by suppressing
PI3K/AKT pathways [18, 62] (Fig. 4). A similar negative regu-
latory role in limiting PI3K/AKT signaling and mTOR activation
to suppress CRC has been described for the putative inflamma-
some sensor NLRC3 [63, 64]. Further, it has been shown that
AIM2 reduces proliferation of colon cancer cells by inducing cell
cycle arrest in the G2/M phase [65]. A recent study found that
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AIM2-deficient mice were highly susceptible to the dextran sul-
fate sodium-induced acute colitis model, which was linked to
the dysbiosis of the gut microbiota. Mechanistically, the AIM2
inflammasome-mediated release of IL-18 triggers the upregula-
tion of the IL-22-binding protein and antimicrobial peptides that
modulate gut homeostasis [66] (Fig. 4).

Host self-DNA enveloped in the nuclear or mitochondrial mem-
brane is exposed following damage of the membrane envelope
integrity via ionizing radiation and chemotherapeutic drugs [67].
Host DNA released after intestinal injury or DNA derived from
the gut microbiota may serve as a ligand to activate AIM2 in the
colon [68]. Indeed, AIM2 senses DNA damage in the nucleus of
intestinal epithelial cells and bone marrow cells in response to
dsDNA breaks caused by ionizing radiation or chemotherapeutic
agents [68]. This study revealed that, unlike canonical recognition
of DNA in the cytosol, AIM2 can localize to the damaged nucleus
and become activated, triggering cell death [68]. In the same
study, AIM2 was also shown to contribute to the pathogenesis of
chemotherapy-induced DNA damage, highlighting that targeting
AIM2 by pharmaceuticals may have therapeutic benefits during
radiation therapy [68]. Additionally, the susceptibility of Aim2~~
mice to the development of tumorigenesis can partly be rescued by
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cohousing them with wild type mice, suggesting the possible ther-
apeutic use of healthy donor gut microbiota in patients suffering
from intestinal inflammation and colon cancer [18].

The expression of AIM2 is significantly decreased in cancerous
liver tissue as compared with the distal non-cancerous liver tis-
sues, and the expression of AIM2 is negatively correlated with the
tumor burden, suggesting an association of AIM2 in liver cancer.
The exogenous overexpression of AIM2 has shown to suppress the
tumorigenicity in immunocompromised nude mice by suppressing
mTOR-S6K1 pathways [69]. AIM2 silencing and overexpression
studies in hepatocellular carcinoma (HCC) cells have revealed that
the anti-cancerous effect of AIM2 is mediated by forming inflam-
masomes and inducing pyroptosis [69]. Hepatitis B virus x pro-
tein (HBx)-induced loss of AIM2 is associated with increased cell
migration and invasion, leading to hepatic metastasis [70]. In this
particular study, loss of AIM2 promotes epithelial-mesenchymal
transition (EMT) by targeting fibronectin-1 (FN1) in the liver, sug-
gesting the newly identified HBx/AIM2/FN1 axis as a novel poten-
tial therapeutic target for HCC metastasis. In contrast, a recent
study has shown a detrimental role for AIM2 in the development
of HCC [71]. Genetic deletion of AIM2 has resulted in reduced
liver damage and tumor development in the diethylnitrosamine-
induced mouse model of HCC. Could these contrasting roles of
AIM2 in the tumorigenesis of HCC be explained by the use of dif-
ferent mouse models? If this is the case, AIM2 is beneficial in the
transplantable model of HCC, but detrimental in the chemically
induced model of HCC.

AIM2 is a potential oncogenic driver in cutaneous SCC and
endometrial cancer [57, 72]. The decreased tumor growth of SCC
in the absence of AIM2 is associated with its ability to suppress
cell death and promote cellular proliferation by inducing cell cycle
regulatory genes [57], which might be due to the indirect effect
of cytokines released by SCC cells in response to AIM2 inflam-
masome activation. Furthermore, reduced invasion of cutaneous
SCC in the absence of AIM2 is associated with decreased pro-
duction of MMP-13 and MMP-1 [57]. Studies have suggested
that AIM2-dependent release of alarmins promotes tumorigen-
esis [73]. Increased production of IL-1a from immunosuppressive
tumor-associated plasmacytoid dendritic cells (pDCs) in lung can-
cer depends on the AIM2 inflammasome [73]. Disrupted mito-
chondrial iron metabolism in the absence of the mitophagy pro-
teins PINK1 and PARK2 induces AIM2-dependent high mobility
group box 1 release in pancreatic ductal adenocarcinoma, promot-
ing the upregulation of immune checkpoint protein programmed
cell death ligand 1 [74]. These two studies highlight the signifi-
cance of understudied AIM2-mediated alarmins in tumorigenesis.

Role of AIM2 in infectious diseases

Bacterial infection

The activation of the AIM2 inflammasome is protective during
bacterial infections. Two fundamental requirements for AIM2

© 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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inflammasome activation during bacterial infection are bacterial
access to the cytoplasm and the release of bacterial DNA via bac-
teriolysis. AIM2 provides immunological surveillance to the host
for pathogenic bacteria such as Francisella tularensis Live Vaccine
Strain (LVS), Francisella subspecies novicida (F. novicida), Listeria
monocytogenes, Streptococcus pneumonia, Mycobacterium species,
Porphyromonas gingivalis, Staphylococcus aureus, Brucella abor-
tus, Chlamydia muridarum and Legionella pneumophila [75-871].
A range of Gram-positive, Gram-negative and Gram-variable bac-
teria that actively engage AIM2 inflammasome activation during
infection have been listed in Table 1, and the details of AIM2
recognition of these bacteria during infection has been discussed
in our previously published review articles [19, 88]. The common
mechanism for activation of the AIM2 inflammasome during all
these bacterial infections can be explained by the ability of AIM2
to sense microbial dsDNA. For instance, L. pneumophila secretory
effector protein SdhA is known to inhibit bacterial DNA release
and thus interfere with AIM2 inflammasome recognition and acti-
vation [87]. AIM2 can further co-ordinate the activation of other
inflammasome sensors like NLRP3 to mount an effective immune
response to infection [89]. Furthermore, the requirement of type I
interferon signaling for AIM2 inflammasome activation during F.
novicida infection suggests that the regulatory mechanism for acti-
vating the AIM2 inflammasome is not limited to sensing dsDNA.
The mutant strain of F. novicida which lacks the gene required
for vacuole disruption fails to activate the AIM2 inflammasome,
whereas the mutant that rapidly disrupts the vacuole hyperacti-
vates AIM2. This indicates that cytosolic accessibility of the bacte-
ria is a prerequisite for F. novicida—mediated AIM2 inflammasome
activation.

The importance of type I IFNs for the activation of the AIM2
inflammasome during bacterial infections has been well estab-
lished [11, 81, 90, 91]. Bacterial DNA sensing by other cytoso-
lic sensors such as cyclic-GMP-AMP synthase (cGAS) and STING
drive the production of type I IFNs [11, 77]. Type I IFNs bind
to IFNa/B receptors (IFNARs) and form the IFN-stimulated gene
factor 3 complex [92]. This complex then induces the expres-
sion of IFN-regulatory factor (IRF) 1, which in turn regulates
the expression of GBPs and IRGs [11]. Bone marrow-derived
macrophages (BMDMs) lacking type I IFN signaling components
such as IFNAR1, IFNAR2, IRF9 and STAT1 have impaired AIM2
inflammasome activation during F. novicida infection [11]. GBPs
and IRGs function in cell-autonomous immunity and have been
shown to target both vacuolar and cytosolic pathogens. Although
Gbp2~~ or Gbp5”~ BMDMs have reduced AIM2 inflammasome
activation during F. novicida infection, reconstitution of GBP2 and
GBPS5 is unable to rescue the inflammasome activation in Ifnarl~~
macrophages, suggesting that type I IFN signaling induces other
IFN-inducible proteins which may cooperate with GBPs for effi-
cient bacteriolysis [11, 90]. Indeed, GBP targeting requires the
recruitment of IRGB10 to cytosolic bacteria, which ultimately
results in bacteriolysis, thereby releasing bacterial DNA into the
cytoplasm for activation of the AIM2 inflammasome (Fig. 1). Con-
sistent with all these in vitro findings, mice lacking AIM2, caspase-
1, IRF1, GBP chromosome 3 and IRGB10 are all hypersusceptible
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Table 1. List of microbial pathogens activating the AIM2 inflammasome

HIGHLIGHTS

Viruses

In vitro studies

In vivo studies

Mouse cytomegalovirus
(DNA virus)

Human cytomegalovirus
(DNA virus)

Vaccinia virus (DNA
virus)

Human papillomaviruses
(DNA virus)

Hepatitis B virus (DNA
virus)

Epstein-Barr virus (DNA
virus)

Modified vaccinia virus
Ankara (DNA virus)

Herpes-simplex virus
type 1 (DNA virus)

Enterovirus 71 (DNA
virus)

Chikungunya virus (RNA
virus)

West Nile virus (RNA
virus)

Influenza A virus (RNA
virus)

Zika virus (RNA virus)

Reduced caspase-1 cleavage and IL-1p release in
Aim27~ mouse peritoneal macrophages, BMDMs
and BMDCs [18, 76].

Reduced caspase-1 cleavage, IL-1p release and cell
death in Aim2-silenced THP-1 cells [93].

Reduced caspase-1 cleavage and IL-1p release in
Aim27~ mouse peritoneal macrophages and
BMDCs [7, 76].

Reduced IL-1B and IL-18 release in Aim2-silenced
human keratinocytes [95].

Reduced expression of IL-18, IL-18 and caspase-1
in Aim2-silenced human glomerular mesangial
cell line [96].

Reduced caspase-1 activation in Aim2-silenced
primary human monocytes [94].

Reduced IL-1B and IL-18 secretion in Aim2-silenced
human primary keratinocytes [108].

Reduced IL-1B and IL-18 secretion in Aim2-silenced
human primary keratinocytes [108].

Reduced caspase-1, cell death and IL-1p release in
Aim2-silenced SK-N-SH neuronal cells [54].

Reduced IL-1B release in Aim2-silenced human
primary dermal fibroblasts [99].

Reduced IL-1p release in Aim2-silenced primary
human dermal fibroblasts [99].

Reduced IL-1B release from Aim2-silenced
PR8-stimulated human alveolar
macrophages [101].

Reduced IL-1B and Aim2 expression in Zika
virus-infected human dermal fibroblasts [100].

Reduced serum IL-18 level 36 h p.i. [18].

N/A

N/A

N/A

N/A

N/A
N/A
N/A
N/A
N/A
N/A
Reduced caspase-1 and IL-1p cleavage in
lung homogenates of IAV-infected

Aim27~ mice [98].
N/A

Bacteria

In vitro studies

In vivo studies

Francisella tularensis LVS
or F. tularensis
subspecies novicida (F.
novicida)

Listeria monocytogenes

Streptococcus pneumoniae

Mycobacterium tuberculosis

Mycobacterium bovis

Porphyromonas gingivalis

Reduced caspase-1 activation, IL-18 and IL-18
release and pyroptosis in Aim27~ mouse BMDMs
or BMDCs [6, 18, 75-77, 90, 109].

Reduced IL-1B in Aim2-silenced THP-1 cells [110].

Reduced caspase-1 cleavage, IL-1p release and
pyroptosis in Aim2-silenced mouse
BMDMs [78-80, 111, 112].

Reduced caspase-1 cleavage, IL-18 and IL-18
release and pyroptosis in Aim2-silenced
peritoneal macrophages [113].

Reduced IL-1p and IL-18 release in Aim27/~ and
Aim2-silenced THP-1 human monocytic cell
line [82, 114].

Reduced caspase-1 cleavage, IL-1p release and
pyroptosis in Aim2-silenced mouse macrophage
J774A.1 [84].

Reduced caspase-1 cleavage, IL-18 and pyroptosis
in Aim2-silenced THP-1 cells [84]. In contrast, a

recent study found that this caspase-1 activation

is AIM2 independent but NLRP3 dependent [115].

Increased overall susceptibility, reduced
serum IL-18 levels 1 d p.i. [6, 18, 76].

N/A

N/A

Reduced IL-1B in BALF and IL-18 in
serum at 3 w p.i. Reduced caspase-1
cleavage and increased infiltration of
inflammatory cells in lungs [83].

N/A

N/A

© 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Bacteria

In vitro studies

In vivo studies

Legionella pneumophila

Staphylococcus aureus

Brucella abortus
Chlamydia muridarum

Chlamydia trachomatis

Reduced caspase-1 cleavage and IL-1p release in
Aim27~ mouse BMDMs [87].
N/A

Reduced caspase-1 cleavage, IL-18 and cell death
in Aim27~ mouse BMDMs [116, 117].

Reduced IL-1p and IL-18 in Aim27/~ mouse
BMDMs [118].

Reduced IL-1p and IL-18 in Aim27/~ mouse
BMDMs [118].

N/A

Increased susceptibility upon
intracranial infection. Reduced IL-18,
IL-6, CCL2 and CXCL10 in wound
abscess [86].

Increased bacterial burden 4 w p.i. [117].

N/A

N/A

Fungi

In vitro studies

In vivo studies

Aspergillus fumigatus

IL-1p and IL-18 is modestly reduced in Aim27~
mouse BMDCs due to redundant roles with
NLRP3 [103].

Similar susceptibility of Aim27/~ mice
with wild type mice because of
redundant roles of NLRP3 [103].

Protozoa

In vitro studies

In vivo studies

Plasmodium berghei

IL-1B and pyroptosis were modestly decreased in
Aim27~ mouse BMDMs infected with iRBCs,
synthetic and natural hemozoin because of its

Decreased neutrophils recruitment in
peritoneal cavity of Aim27~ mice due
to redundant roles with NLRP3 [105].

redundant roles with NLRP3 [105].

to F. novicida infection and have reduced production of AIM2-
dependent effector cytokines in sera [11, 31]. Overall, these find-
ings suggest that AIM2 inflammasome activation is an effective
antibacterial strategy to prevent the dissemination of bacteria into
the cytosol.

Viral infection

AIM2 recognizes a cytosolic dsDNA virus and forms an inflam-
masome complex to provide host protection by driving pyropto-
sis (Fig. 1). Mouse cytomegalovirus (MCMV) and vaccinia virus
are considered classical dsDNA-containing viruses which activate
the AIM2 inflammasome in both the mouse BMDMs and bone
marrow-derived dendritic cells (BMDCs) (Table 1). Additionally,
mice deficient in AIM2 have an impaired ability to secrete IL-
18 and have higher viral titer during MCMYV infection [76]. The
HCMV, which is a counterpart of MCMV, has also been found
to activate the AIM2 inflammasome in human THP-1 monocytic
cells [93]. Similarly, Epstein-Barr virus engages the AIM2 inflam-
masome in THP-1 cells [94]. Human papilloma viruses, which are
dsDNA viruses, selectively infect human keratinocytes and drive
the production of inflammasome effector cytokines in an AIM2-
dependent manner [95]. The siRNA-mediated knockdown of the
gene encoding AIM2 leads to reduced expression of IL-18, IL-
18 and caspase-1 in human glomerular mesangial cells infected
with hepatitis B virus [96]. The expression of the gene encoding
AIM2 is increased in the renal biopsies of patients with hepatitis

© 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

B virus glomerulonephritis when compared with the renal biop-
sies from the patients with chronic glomerulonephritis. But, how
AIM2 senses viral DNA derived from hepatitis B virus in renal
tissue remains unknown [96]. It is possible that DNA from hep-
atitis B virus may be recognized by AIM2 to trigger the release
of inflammasome effector cytokines inducing renal damage. Alter-
natively, some of the DNA viruses such as hepatitis B virus and
other hepadnaviruses could be transcribed into an RNA tem-
plate, which might activate NLRP3 [97, 98] rather than activating
AIM2.

AIM2 also contributes to the secretion of IL-1f during infec-
tion with RNA viruses. AIM2-silenced dermal fibroblasts infected
with the RNA viruses chikungunya virus or West Nile virus showed
reduced proteolytic cleavage and release of IL-18 [99]. Zika virus,
a ssRNA virus, is able to stimulate AIM2 expression and the secre-
tion of IL-1f in primary human skin fibroblasts [100]. Similarly, a
human RNA virus Enterovirus A71 (EV-A71) induces pyroptosis in
neuronal cells in an AIM2-dependent manner [54] (Table 1). The
host DNA released from damaged cells in lungs during influenza
A virus infection induces early AIM2-dependent IL-18 produc-
tion, and AIM2 deficiency ameliorated symptoms and lung pathol-
ogy [101]. In contrast to these findings, another study reported
that AIM2 deficiency led to an elevated inflammatory response
to influenza A virus infection [102]. These contrasting results
could be due to difference in animal facilities, different compo-
sition of microbiota or the dose and source of HIN1 virus used
for the infection. Therefore, further studies are required to under-
stand the mechanism by which AIM2 recognizes RNA viruses and
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induces inflammasome activation and the subsequent maturation
and secretion of IL-18 and IL-1p.

Other infections

Compared to bacterial and viral infection, the role of the AIM2
inflammasome in response to other pathogens such as fungi
and parasites is less clear (Table 1). AIM2 and NLRP3 co-
operatively induce a single cytoplasmic inflammasome platform
in A. fumigatus—infected mouse BMDCs. Mice lacking both AIM2
and NLRP3 are highly susceptible to aspergillosis [103], suggest-
ing that concerted activation of both the AIM2 and NLRP3 inflam-
masome is crucial for the host protection. In addition, IRGB10
induced by A. fumigatus in an IRF1-dependent manner targets
Aspergillus hypha for the release of fungal ligands, which sub-
sequently causes both AIM2 and NLRP3 inflammasome activa-
tion [104]. Such concerted activation of both the AIM2 and NLRP3
inflammasomes has also been reported in macrophages stimulated
with Plasmodium berghei-infected red blood cells or synthetic or
natural hemozoins [105].

Conclusion

In homeostatic conditions, sensing of self-DNA by AIM2 is tightly
kept in check by conserved mechanisms that tag self-DNA to the
nucleus or degrade mislocalized DNA [21]. Cellular perturba-
tion during inflammatory diseases or microbial infection results
in release of host or microbial dsDNA, which is then sensed
by AIM2 to assemble the inflammasome complex and thereby
allow the secretion of effector cytokines and induce pyroptosis.
Although protective in microbial infection, AIM2 is pathogenic in
sterile inflammatory diseases. The AIM2 inflammasome is crucial
for the host defense against various pathogens such as bacteria,
virus, fungi and parasites. On the other hand, AIM2 inflammasome
activation drives pathogenesis of numerous sterile inflammatory
diseases such as cardiovascular disease, skin disease, CKD and
neuroinflammatory disease. Inflammasome-dependent cytokines
IL-18 and IL-1f are shown to be detrimental during CKD in a
mouse model of IRI [34]. DNA from necrotic cells in the kid-
ney is recognized by AIM2, leading to assembly of an inflam-
masome complex to produce IL-1f and IL-18 from macrophages
during the pathogenesis of CKD [14]. Likewise, AIM2 provides
an inflammatory feedback loop during the progression of cardio-
vascular and neuroinflammatory diseases [12, 106]. In addition
to these inflammasome-dependent functions, AIM2 operates in
an inflammasome-independent mode to inhibit colitis-associated
CRC by regulating the proliferation of intestinal stem cells and
the composition of the gut microbiota [18]. These novel func-
tions of AIM2 provide new insights into the molecular mecha-
nisms of sterile inflammatory disease which could be useful to
develop immune-targeted therapies. Although therapeutic target-
ing of AIM2 may be beneficial for sterile inflammatory diseases,
inhibition of AIM2 may predispose individuals to infection. There-

© 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

HIGHLIGHTS

fore, understanding the nature of dsDNA sequence and its cellular
source under these pathological conditions is an emerging area
of study to explore AIM2 biology. Besides AIM2, the cGAS-STING
pathway activates the inflammasome in response to dsDNA. Unlike
in the murine system that exclusively engages the AIM2 inflamma-
some during bacterial and viral infections, primary human myeloid
cells also activate the cGAS-STING-NLRP3 pathway [88, 107].
Although the exact mechanism underlying this disparity in the
activation and utilization of different sensors between murine
and human systems is not clearly understood, distinct hypotheses
have posited that AIM2 might play a subordinate role in DNA-
inflammasome responses and an inflammasome-independent role
in tumorigenesis [18, 107]. Given that AIM2 is activated by certain
microbial DNA but not by all the microbial DNA, understanding
how DNA is released and detected by AIM2 will answer many
unresolved questions. The question of whether AIM2 is involved
equally in different sterile inflammatory disease awaits more inves-
tigations. Besides AIM2, multiple cytosolic dsDNA sensors have
been identified. Is there any crosstalk between these DNA sen-
sors and the AIM2 inflammasome that influences the pathogen-
esis of disease? Additionally, some physiological inhibitors that
balance the activity of AIM2 have been reported [8, 23]. Fur-
ther research is warranted to understand how these physiological
inhibitors operate in both the infectious and inflammatory dis-
eases. Overall, AIM2 functions as a guardian of cellular integrity
in both infectious and sterile inflammatory diseases.
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