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A B S T R A C T

Inflammasomes play a very important role in the host defense against multiple pathogenic microbes, including
bacteria and viruses. Inflammasomes are multiprotein complex platforms that mediate the processing of the two
most important inflammatory cytokines, pro-IL-1β and pro-IL-18, to their active forms. The inflammasome is
formed by the apoptosis-associated speck-like protein containing a CARD (ASC), procaspase-1 and a sensor
protein, either a NOD-like receptor (NLR) or an absent in melanoma 2 (AIM2)-like receptor. The sensor molecule
determines inflammasome specificity by detecting specific and conserved microbial products or cell stress sig-
nals. Compared with the other inflammasomes, there is much more unknown about the activation or regulation
mechanisms of the AIM2 inflammasome. In this review, we will discuss these mechanisms and the specific roles
of the AIM2 inflammasome in response to diverse pathogens.

1. Introduction

The host innate immune system has evolved numerous defense
mechanisms to quickly sense and recognize microbial infection.
Inflammation is an effective and critical process for the host response to
infection [1]. The initiation of inflammation begins when host pattern
recognition receptors (PRRs) recognize the presence of unique or con-
served microbial components, called pathogen-associated molecular
patterns (PAMPs) or endogenous damage-associated molecular patterns
(DAMPs) generated in the location of tissue injury [2,3]. To date, five
classes of PRRs have been identified, including Toll-like receptors
(TLRs) [4], C-type lectin receptors (CLRs) [5], retinoic acid-inducible
gene (RIG)-I-like receptors (RLRs) [6], NOD-like receptors (NLRs)
[7–9], and AIM2-like receptors (ALRs) [10]. NLRs include NLRP1,
NLRP3 and NLRC4. ALRs include absent in melanoma 2 (AIM2) and
interferon-inducible protein 16 (IFI16) and are composed of an N-
terminal pyrin domain (PYD) and a C-terminal hematopoietic, inter-
feron-inducible, nuclear localization (HIN) domain [11,12]. ALRs can

sense cytosolic dsDNA directly by their HIN domain. Upon dsDNA
binding, ALRs may undergo a conformational change to free the N-
terminal PYD to cluster and trigger inflammasome activation.

The inflammasome is a multiprotein signaling platform that acti-
vates caspase-1 and processes the maturation of the proinflammatory
cytokines, interleukin-1β (IL-1β) and IL-18 to their active forms
[13,14]. The canonical inflammasomes are composed of at least three
main components: an inflammatory caspase (caspase-1 or caspase-11),
an adapter molecule (such as ASC), and a sensor protein (such as
NLRP1, NLRP3, NLRP12, NAIP1, NAIP2, NAIP5, or AIM2). The acti-
vated inflammasome often induces a type of cell death named pyr-
optosis and subsequent antimicrobial inflammatory responses. Re-
cently, a novel function of inflammasomes characterized by the
induction of caspase-8-dependent apoptosis was also identified [15,16].
AIM2 is a cytosolic double-stranded DNA (dsDNA) receptor. In 1997,
AIM2 was first identified by subtractive DNA hybridization in a human
malignant melanoma cell line UACC-903(+6) that had received human
chromosome 6. However, because of its deletion in the melanoma cell
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line UACC-903, AIM2 was named absent in melanoma [17]. The re-
storation of AIM2 expression in melanoma cells can reverse its malig-
nant phenotype. As an ALR, AIM2 can bind to DNA via its HIN200
domain and mediate ASC oligomerization to initiate the activation of a
caspase-1-dependent inflammasome, leading to the secretion of the
mature proinflammatory cytokines, interleukin-1β (IL-1β) and IL-18.
The dsDNA-AIM2 inflammasome pathway is important for host cells to
defend against bacterial and viral pathogens. The sensing of cytosolic
double-stranded DNA can also activate the interferon (IFN)-stimulatory
DNA (ISD) pathway, now known as the cGAS-STING-TBK1-IRF3
pathway. In this pathway, cyclic GMP-AMP synthase (cGAS) senses
DNA independently of its sequence and then activates the adaptor sti-
mulator of interferon genes (STING). STING subsequently activates the
protein kinases IKK and TBK1, which in turn activate the transcrition
factors NF-κB and interferon regulatory factor 3 (IRF3) to induce type I
IFN production [18,19]. The effect of type I IFN signaling on bacterial
infection in vivo can be beneficial or detrimental depending on the
pathogen. Type I IFN signaling is protective in mice infected with
Streptococcus pneumoniae, whereas pathogenic type I IFN signaling
dominates the protective AIM2 inflammasome responses during Fran-
cisella infection [20]. Type I IFN signaling can regulate the activation of
the AIM2 inflammasome upon Listeria monocytogenes, Francisella and
Streptococcus pneumoniae infection. AIM2 protein expression is upre-
gulated in bone marrow-derived macrophages (BMDMs) treated with
IFN-β or infected with Francisella and Listeria monocytogenes. Compared
with wild-type BMDMs, increased AIM2 expression was not observed in
STING−/− or IFN-I receptor-deficient IFNAR−/− BMDMs [21]. In ad-
dition, Francisella infection of IRF3−/− macrophages, which are de-
fective in the secretion of type I interferons, resulted in less efficient
activation of the AIM2 inflammasome compared with that of wild-type
macrophages. After treating these macrophages with IFN-β at the time
of infection, AIM2 activation by Francisella infection was restored [22].
Furthermore, IFNAR1 blockade significantly reduced AIM2-mediated
IL-18 production by Streptococcus pneumonia [23]. The interaction

between these two intracellular DNA-sensing inflammatory pathways,
the AIM2 inflammasome pathway and the cGAS-STING-TBK1-IRF3
pathway, may play an exquisite role in anti-infective immunity. In this
review, we will elaborate on the activation and specific roles of AIM2
inflammasomes in recognition and host responses in diverse bacterial
and virus infections.

2. The role of the AIM2 inflammasome in response to intracellular
bacteria

2.1. Listeria monocytogenes

Listeria monocytogenes (L. monocytogenes) invades the cytoplasm of
macrophages and activates multiple inflammasomes, including AIM2,
NACHT, LRR and PYD domain-containing protein 3(NALP3), also
known as NLRP3 and NLR family CARD domain-containing protein 4
(NLRC4) [24,25]. In NLRP3 and NLRC4 knockout macrophages, the
secretion of IL-1β and IL-18 in response to L. monocytogenes was only
slightly decreased relative to that of wild-type macrophages; however,
the secretion of IL-1β and IL-18 was significantly decreased by knock-
down of AIM2 [25]. In ASC knockout macrophages, the secretion of IL-
1β and IL-18 was completely impaired, which suggests that AIM2
sensors also participate in inflammasome activation in an ASC-depen-
dent manner. Several receptor candidates, including NLRP3, NLRC4
and AIM2, were used to reconstitute the inflammasome system in
HEK293 cells, and the results suggested that AIM2 had the highest re-
sponsiveness to L. monocytogenes infection in HEK293 cells. NLRP3 and
NLRC4 also participate in the response to bacterial infection [24]. L.
monocytogenes replicates efficiently in the host. Continuous prolifera-
tion of L. monocytogenes in host macrophages might exhaust the nu-
trients and result in subsequent bacterial death or autolysis, accom-
panied by the breakdown of the cell wall. Lysis of L. monocytogenes in
the cytoplasm of host cells may release bacterial DNA into the cyto-
plasm where it will be recognized by the AIM2 inflammasome. There is

Fig. 1. Model of AIM2 inflammasome activation mechanism in Listeria monocytogenes infection. AIM2 can sense Listeria genomic DNA and induce the activation of
caspase-1. The pore-forming toxin listeriolysin O (LLO) can upregulate the expression of AIM2, induce the ASC speck formation and release the bacterial genomic
DNA to cytosol by mediating the phagosomal rupture. The activation of STING/IRF3 pathway results in the production of type-I IFN. The type I IFN dependent signal
through IFNAR1 is essential for AIM2 activation by upregulating the level of AIM2 and mediating the ASC assembly.
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evidence to suggest that L. monocytogenes genomic DNA is actually re-
sponsible for AIM2 inflammasome activation during infection [26–28],
and the pore-forming toxin listeriolysin O (LLO) can upregulate the
expression of AIM2 and induce ASC speck formation; In addition,
bacterial genomic DNA can be released into the cytosol by LLO-medi-
ated phagosomal rupture. Previous work also suggested that type I IFN
signaling is essential for AIM2 activation in response to L. mono-
cytogenes through the interferon-α/β receptor (IFNAR) [27,29] (Fig. 1).

2.2. Mycobacterium

M. tuberculosis DNA (Mtb DNA) present in the cytosol, colocalized
with AIM2 suggesting that Mtb DNA could be recognized by AIM2
[30,31]. In addition, Mtb DNA alone could induce IL-1β/IL-18 secretion
in an AIM2-dependent manner. These results suggest that M. tubercu-
losis infection could activate the AIM2 inflammasome by its genomic
DNA. Bacterial escape from the phagosome to the cytosol may release
cytosolic DNA that could activate the AIM2 inflammasome in M. bovis-
infected macrophages. A recent report demonstrated that AIM2 in-
flammasome activation may require cytoplasmic potassium efflux in
response to M. bovis infection. In addition, mycobacterial internaliza-
tion was also required for M. bovis to trigger AIM2 inflammasome ac-
tivation in macrophages because cytochalasin D, a phagocytosis in-
hibitor treatment, reduced M. bovis-induced IL-1β secretion
significantly and decreased the mRNA expression level of AIM2 and
ASC at the same time [30]. Although there are some reports that de-
scribe AIM2 inflammasome activation triggered by Mycobacterium,
much remains unknown about how Mycobacterium delivers its genomic
DNA into the cytosol and triggers or regulates the activation of the
AIM2 inflammasome. In vivo experiments suggested that AIM2-defi-
cient mice were highly susceptible to M. tuberculosis. The absence of
AIM2 resulted in impaired production of IL-1β and IL-18 in serum.
Mycobacterial antigen-specific production of IFN-γ was severely

reduced in CD4+ T cells derived from the spleen of M. tuberculosis-in-
fected Aim2−/− mice, which means that AIM2 deficiency may result in
impaired Th1 responses after M. tuberculosis infection [31].

2.3. Francisella

Francisella tularensis (F. tularensis) is an intracellular bacterium that
can replicate in the host cytoplasm. In the macrophage cytosol, F. tu-
larensis can be recognized by the AIM2 inflammasome, leading to the
activation of the AIM2 inflammasome and the secretion of mature IL-1β
and IL-18 [21,32]. The colocalization of bacterial DNA with en-
dogenous AIM2 and the inflammasome adaptor ASC was observed in
macrophages infected with F. tularensis. F. novicida can also activate the
AIM2 inflammasome in dendritic cells, causing the secretion of IL-1β
and rapid host cell death [33]. The replication of F. novicida is necessary
for inflammasome activation in dendritic cells. The inflammasome ac-
tivation induced by F. novicida in dendritic cells may be beneficial to
bacterial clearance. Francisella infection can induce the release of in-
terferon-β. Type-I IFN signaling is critical to AIM2 inflammasome ac-
tivation in macrophages because IFNAR-deficient macrophages do not
process caspase-1, release proinflammatory cytokines or die in response
to Francisella [29]. In BMDCs from mice deficient for the type I inter-
feron receptor (IFNAR−/− BMDCs), caspase-1-mediated cell death and
IL-1β release were partially inhibited in response to F. novicida infec-
tion, which suggests that type I interferon signaling is partially required
for AIM2 inflammasome activation in BMDCs. In fact, type I IFN (IFN-α
and -β) secretion in response to F. tularensis does not require AIM2, but
type I IFN can boost AIM2-dependent caspase-1 activation [32,34].
However, type I IFN signaling can mediate detrimental responses by
inducing the activation of apoptotic caspases and cell death despite the
protective AIM2 inflammasome response [20]. The guanylate-binding
proteins (GBPs) and the interferon-inducible protein IRGB10 can pro-
mote AIM2 inflammasome activation during F. novicida by inducing

Fig. 2. Model of AIM2 inflammasome activation mechanism in Francisella infection. Francisella genomic DNA might be the ligand to activate AIM2 inflammasome.
The activation of STING/IRF3 pathway results in the production of type-I IFN. The type I IFN dependent signal through IFNAR1 is essential for AIM2 activation by
upregulating the level of AIM2 and mediating the ASC assembly. The STING/IRF1 pathway can also be activated. The interferon-inducible protein GBPs and IRGB10
can cause lysis of Francisella bacteria and leakage of bacterial DNA into the cytoplasm. Cytoplasmic potassium efflux is critical for AIM2 inflammasome activation by
ASC pyroptosome formation and recruitment of caspase-1 to ASC oligomers. Bacterial internalization and lysosomal acidification are also required for activation of
the AIM2 inflammasome. Mitochondrial ROS potentiate indirect activation of the AIM2 inflammasome.
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cytosolic bacteriolysis and DNA release [33,35–38]. Cytoplasmic po-
tassium efflux is critical for the assembly of the AIM2 inflammasome
and formation of ASC specks. Inhibition of potassium efflux by in-
creasing the potassium concentration in the culture medium completely
blocks ASC speck formation, caspase-1 activation and IL-1β secretion in
NLRP3−/− macrophages. The actin oligomerization inhibitor cytocha-
lasin D and the endosomal acidification inhibitors bafilomycin A or
NH4Cl can markedly block the activation of caspase-1 and cell death by
Francisella-infection, indicating that bacterial internalization and lyso-
somal acidification are all required for recognition of Francisella and
activation of the AIM2 inflammasome [22]. Mitochondrial ROS mediate
indirect activation of the AIM2 inflammasome. Inhibition of mi-
tochondrial ROS by the specific ROS scavenger mitoTEMPO reduces the
activation of caspase-1 and the secretion of IL-1β in Francisella-infected
but NLRP3−/− bone marrow derived-macrophages (BMMs) [39]
(Fig. 2).

3. The role of the AIM2 inflammasome in response to extracellular
bacteria

3.1. Staphylococcus aureus

Staphylococcus aureus (S. aureus) elicits IL-1β production during the
acute phase of infection in the central nervous system (CNS). ASC and
caspase 1 KO mice were sensitive to S. aureus infection in the CNS with
approximately 50% of mice succumbing to infection. The survival of
NLRP3−/− mice during S. aureus infection was similar to that of WT

mice, but AIM2 KO mice had similar disease patterns as ASC−/− mice.
In addition to IL-1β, other key inflammatory mediators, including IL-6,
CXCL1, CXCL10, and CCL2 in abscess homogenates were significantly
reduced in the CNS of AIM2−/− and ASC−/− mice. However, these
cytokines or chemokines were not dependent on inflammasome acti-
vation. These results demonstrate the critical role of the AIM2 in-
flammasome but not the NLRP3 inflammasome in acute S. aureus in-
fection in the CNS. The lysis of S. aureus by host cells through
phagocytosis or intracellular killing may lead to bacterial DNA release
into the cytoplasm and subsequent AIM2 inflammasome activation. The
intracellular survival phase of S. aureus contributes to the activation of
cytosolic AIM2 activation [40].

3.2. Streptococcus pneumoniae

Streptococcus pneumonia (S. pneumonia) is a gram-positive, extra-
cellular bacterium. Recent reports demonstrated that NLRP3 and AIM2
were required for the host to respond to S. pneumonia infection [41].
Caspase-1 activation was partially impaired in NLRP3−/− macro-
phages, but knockdown and knockout of AIM2 resulted in a remarkable
decrease in caspase-1 activation in response to S. pneumoniae. These
results suggest that AIM2 might be more important than NLRP3 in the
response to S. pneumoniae. However, how AIM2 senses DNA during
infection with S. pneumonia remains poorly understood. It has been
hypothesized that pneumolysin (PLY), a cytolysin that is one of the
most important virulence factors of S. pneumonia, can be released from
autolyzed or killed bacteria in the phagosome. The released PLY might

Fig. 3. Model of AIM2 inflammasome activation mechanism in Streptococcus pneumoniae infection. For extracellular bacteria, phagocytosis in macropahges is im-
portant for activation of the AIM2 inflammasome and caspase-1. S. pneumoniae genomic DNA might be the ligand for AIM2 inflammasome. The pneumolysin (PLY), a
cytolysin, one of the most important virulence factors of S. pneumonia can rupture the phagosome, leading to the leakage of bacterial DNA into the cytoplasm. STING/
IRF3 pathway and type I IFN signal can be activated by intracellular recognition of bacterial DNA and PLY. Type I IFN subsequently regulates the activation of the
AIM2 inflammasome by upregulating AIM2 expression. Syk/JNK is involved in the activation of the AIM2 inflammasome by regulating caspase-1 activation and ASC
oligomerization. PLY participates in syk/JNK activation process.
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destabilize the membrane of phagosomes, leading to the leakage of
bacterial DNA into the cytoplasm [42]. Activation of the AIM2 in-
flammasome is not specific during infection by intracellular parasitic
microbes. Any other microbial pathogen that possesses the ability to
deliver its DNA into the cytoplasm can also activate the AIM2 in-
flammasome. S. pneumonia infection can also induce the production of
type I interferons (IFNs). It has been demonstrated that the AIM2 in-
flammasome rather than the NLRP3 inflammasome requires type I IFN
signaling for activation [43] [23]. The Syk and JNK signaling pathways
are also involved in AIM2 inflammasome activation in macrophages
infected with S. pneumonia by regulating caspase-1 activation and ASC
oligomerization. Pneumolysin (PLY) is essential for Syk/JNK activation
in this process [44] (Fig. 3).

3.3. Porphyromonas gingivalis

Porphyromonas gingivalis (P. gingivalis) is involved in the pathogen-
esis of periodontitis [45]. P. gingivalis induces IL-1β secretion and in-
flammatory cell death via NLRP3 and AIM2 inflammasome activation.
P. gingivalis DNA has been detected in the cytoplasm of THP-1 cells,
which means that AIM2 might be activated by P. gingivalis DNA. In
addition, P. gingivalis infection activates NLRP3 and AIM2 inflamma-
somes via the TLR2 and TLR4 pathways because knockdown of TLR2
and/or TLR4 with specific siRNAs inhibits P. gingivalis-induced caspase-
1 activation and IL-1β maturation in THP-1 cells [46].

3.4. Plasmodium falciparum

Plasmodium falciparum (Pf) replicates inside red blood cells (RBCs)
[47]. The lysis of parasitized RBCs often induces a proinflammatory
cytokine storm characterized by excessive production of TNF-α, IFN-γ
and IL-1β [48,49]. Accumulated reports have proven that Pf infection
can activate both AIM2 and NLRP3 inflammasomes [50]. In vivo and in
vitro results revealed that hemozoin (Hz) prepared from Pf cultures
could induce proinflammatory responses via NLRP3 and AIM2 in-
flammasomes. Genomic DNA of Pf (Pf gDNA) can trigger the translo-
cation of TLR9 to the membrane of the phagosomes, which may provide
necessary signals for the initial synthesis of pro-IL-1β [50]. RBCs in-
fected with Pf can also induce AIM2 activation in BMDMs. Similar to
this result, gDNA and Hz can also activate the AIM2 inflammasome in
BMDMs. Hz can damage the vacuolar or phagolysosomal membrane. In
addition, Hz is also responsible for delivering DNA to the cytosol. In the
cytoplasm, Pf gDNA dissociates from Hz and is recognized by AIM2
directly [50].

4. The role of the AIM2 inflammasome in responses to DNA viruses

The AIM2 inflammasome plays a critical role in the host defense
against certain DNA viruses [51,52]. AIM2 can regulate the production
of IL-1β in response to infection by vaccinia virus and murine cyto-
megalovirus (mCMV) [51]. Macrophages and dendritic cells lacking the
AIM2 gene were not able to activate caspase-1 to cleave pro-IL-1β when
infected with vaccinia virus or mCMV. Consistent with these in vitro
results, reduced amounts of IL-18 were produced in the serum in
mCMV-infected AIM2 knockout mice compared with wild-type con-
trols. In addition, the reduced amount of IL-18 markedly impaired the
production of splenic NK-cell IFN-γ in mice infected with mCMV. The
lack of IL-18 and the production of NK-cell IFN-γ caused an elevation of
the viral loads in the spleens of AIM2 knockout mice relative to that of
the wild-type controls [51].

It should be noted that the AIM2 inflammasome is not able to sense
all DNA viruses. For example, herpes simplex virus I (HSV-I), a DNA
virus is sensed by IFI16 and NLRP3 but not AIM2. Two possible reasons
for this outcome are as follows: 1) HSV-1 DNA is coated by a viral
capsid and protected from AIM2 recognition in the cytoplasm; 2) the
expression of IFI16 inhibits the synthesis of AIM2 in the host cell

[53,54].
Hepatitis B virus (HBV) is a DNA virus. However, whether HBV

infection activates the AIM2 inflammasome or not remains unknown.
Recent reports demonstrated that there was a higher expression level of
AIM2, IL-1β, and IL-18 in acute hepatitis B (AHB) patients PBMCs than
in chronic hepatitis B (CHB) patients PBMCs [55]. The AIM2 mRNA
level was significantly negatively correlated with hepatitis B virus
(HBV) load and HBeAg in the serum. In addition, the AIM2 mRNA level
was positively correlated with the clearance of HBV in the host. These
findings suggest that the AIM2 inflammasome may play an important
protective role during the AHB phase [56]. Among patients with HBV-
associated glomerulonephritis, the expression of AIM2 was found to be
significantly higher in the high HBV replication group than in the low
HBV replication group. Therefore, inflammatory lesions may be asso-
ciated with elevated AIM2 levels during HBV infection and replication
[57].

Human papillomavirus (HPV) is a type of non-enveloped, double-
stranded DNA (dsDNA) viruses that selectively infects keratinocytes in
stratified epithelia [58]. A recent report suggested that AIM2 and IFI16
were present in HPV-positive skin lesions by immunohistochemistry
[59]. HPV16 activates the AIM2 inflammasome in keratinocytes and
the presence of cytosolic HPV16 DNA in biopsy samples has been
confirmed by CISH staining. Cleaved IL-1β and mature caspase-1 have
been detected in HPV-infected skin, which suggests inflammasome ac-
tivation is induced by HPV viral DNA. Functional studies have proven
that HPV16 DNA could trigger AIM2 inflammasome activation in
normal human keratinocytes. Blocking IFI16 could increase the IL-1β
secretion induced by HPV16 DNA, which suggests that there might be
crosstalk between IFI16 and AIM2 in response to HPV infection. In
addition, IFN-β secretion was found to be increased after AIM2
knockdown in keratinocytes, which suggests that AIM2 might act as a
physiological inhibitor of IFN-β [59].

5. The role of the AIM2 inflammasome in response to RNA viruses

To date, little research has been performed on the activation of the
AIM2 inflammasome induced by RNA viruses. It has been found that
influenza virus infection can induce the activation of AIM2 in human
primary alveolar type II cells (ATIIs) and alveolar macrophages (AMs)
[60]. After AMs were infected with A/PR/8/34(PR8) viruses for 4 h, a
significant elevation of AIM2 mRNA levels was detected compared with
non-infected AMs. The elevation of AIM2 mRNA levels could be sus-
tained for more than 24 h after PR8 infection, which suggests that AIM2
may play an important role during the early phase and late phase of
influenza virus infection. In human AMs, knockdown of AIM2, NLRP3
and ASC by siRNA resulted in decreased secretion of TNF-α and
RANTES, which suggests that AIM2 in combination with NLRP3 plays
an important role in the host in response to influenza infection. There is
no double- stranded DNA (dsDNA) phase during the replication cycle of
influenza virus, and dsDNA is the only ligand of the AIM2 inflamma-
some; Thus, how influenza virus triggers the activation of the AIM2
inflammasome remains to be investigated. It can be assumed that the
organelles or nucleus may be the source of the DNA that activates the
AIM2 inflammasome in influenza infection. In fact, many reports have
suggested that PB1-F2, an important virulence factor of influenza virus,
interacts with the membrane of mitochondria (mt), which might cause
mtDNA release, and mtDNA can trigger the activation of the AIM2 in-
flammasome [39,61,62]. Influenza virus infection often induces apop-
tosis of the cell [63–65], and the induced apoptosis may disrupt the
integrity of the cell membrane and cause chromosomal DNA fragmen-
tation and release. The released fragmented DNA or apoptotic infected
cells may be taken up or phagocytosed by macrophages and conse-
quently activate the AIM2 inflammasome.
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6. Regulation of inflammasome activation

For all bacterial pathogens and DNA viruses, DNA is always found in
the cytoplasm of the cell during the process of AIM2 inflammasome
activation [51,52], but the challenging question is why only a small
portion of DNA-containing pathogens, especially DNA viruses, activate
the AIM2 inflammasome. There must be some unknown mechanisms
for the microbes to evade the activation of the inflammasome. Bacterial
escape from the vacuole and the release of genomic DNA into the cy-
toplasm are two necessary factors for the AIM2 inflammasome activa-
tion during infection. Recent reports have suggested that certain bac-
teria may encode virulence factors that can escape detection from the
AIM2 inflammasome [66]. Some strains of F. tularensis encode a clus-
tered, regularly interspaced, short palindromic repeat-CRISPR asso-
ciated system (CRISPR-Cas), which can strengthen the integrity of the
bacterial membrane [67]. By this system, the strain can prevent ex-
cessive DNA release and minimize the amount of DNA ligands available
to AIM2 in the cytoplasm. L. pneumophila can prevent rupture of the
Legionella-containing vacuole by encoding the effector protein SDHA
(succinate dehydrogenase complex flavoprotein subunit A), which is
part of the Dot/Icm type IVB secretion system [68]. Some DNA viruses
protect their genomic DNA from AIM2 recognition by coating it with a
viral capsid. Inhibiting the synthesis of AIM2 may be another strategy
for some pathogens to escape detection by AIM2 [54]. Type I interferon
signaling may also contribute to AIM2 inflammasome activation
[23,29,34,69]. The microbes may regulate the activation of the AIM2
inflammasome by regulating type-I signaling.

7. The AIM2 inflammasome regulates Caspase-3/8/9

Formerly, the AIM2 inflammasome complex had only been ascribed
to caspase-1 activation. A recent report suggested that F. tularensis in-
fection triggered AIM2/ASC-dependent caspase-3-mediated apoptosis
in caspase-1-deficient macrophages [16,70]. AIM2/ASC-dependent
caspase-1-independent activation of caspase-8- and caspase-9-mediated
cell death was also observed in F. tularensis-infected cells [16]. Caspase-
8 interacts with ASC, and the colocalization of active caspase-8 with
AIM2/ASC speck has also been identified; thus, the AIM2/ASC complex
may act as a novel caspase-8 activation platform, and activated caspase-
8 then acts as the apical caspase in the AIM2/ASC dependent apoptotic
pathways [71]. The AIM2 inflammasome activates caspase-8 and -1,
which may lead to both apoptotic and pyroptotic cell death at the same
time. The balance between pyroptosis and apoptosis is determined by
the amount of DNA in the cell. Apoptosis requires a lower transfected
DNA concentration than pyroptosis, which has a higher threshold for
activation [71]. These works strongly demonstrate the crosstalk be-
tween inflammasome components and apoptosis.

8. Conclusion and future perspectives

It is well known that AIM2 plays a critical role in caspase-1 acti-
vation in response to intracellular parasitic pathogens such as
F.tularensis, L. monocytogenes and some DNA viruses [51,52,71,72].
However, recent reports have proven that the AIM2 inflammasome also
responds to some extracellular bacteria, including S. pneumonia and S.
aureus [71]. These reports extend the function and role of the AIM2
inflammasome in response to microbial infection in the host (Table 1).
Delivery of microbial DNA into the cytoplasm is the decisive factor in
the activation of AIM2. In addition to microbial genomic DNA, orga-
nelles of host cells, such as the nucleus and mitochondria, can also act
as sources of the DNA ligand of AIM2. According to some recent reports,
the AIM2 inflammasome also plays a detrimental role in the patho-
genesis of arthritis, erythematosus and other autoimmune diseases
[73–77]. These clinical findings demonstrate that the AIM2 inflamma-
some can recognize endogenous DNA. The activation of AIM2 upon
influenza infection means that the AIM2 inflammasome is involved in

the immune response to an RNA virus infection [60]. All of these results
suggest that the ligand of the AIM2 inflammasome might come from
multiple sources, but adequate and direct evidence is needed to prove
this hypothesis.

In addition, some reports have suggested that the inhibition of
NLRP3 or IFI16 could increase the expression of AIM2 [53,78,79], so
the cross talk mechanism between the AIM2 inflammasome and NLRP3
or IFI16 needs to be investigated further. TLR2 and/or TLR4 participate
in the AIM2 inflammasome activation during P. gingivalis infection,
while translocation of TLR9 is necessary for Pf gDNA-induced AIM2
inflammasome activation [46]. These results suggest that there is
crosstalk between AIM2 and TLRs. Some reports have pointed out that
type-I interferon may have a positive or negative correlation with the
AIM2 inflammasome in response to different microbes [71], the un-
derlying mechanism of which also needs to be investigated. In addition,
the correlation between the AIM2 inflammasome and the recently
identified type III interferon also needs to be investigated.
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