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Abstract

Absence in melanoma 2 (AIM2) protein functions as a double-stranded DNA sensor and is critical for
host defense against intracellular bacterial and viral pathogens. Recent research has highlighted the
significance of AIM2 in the pathogenesis of diverse malignancies. Through its recognition of foreign or
intracellular dsDNA, AIM2 triggers inflammasome activation, resulting in the release of pro-inflammatory
cytokines such as IL-1B, IL-18, and induction of pyroptosis. Additionally, AIM2 can engage alternative
signaling pathways, such as AKT and NF-kB, independent of inflammasome activation, to modulate cancer
progression. This review provides a comprehensive overview of recent advancements in understanding
the involvement of AIM2 in the pathogenesis of different types of cancer through both
inflammasome-dependent and inflammasome-independent mechanisms. Furthermore, we discuss the
potential applications and challenges associated with targeting AIM2 in cancer therapy.
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Introduction

Absent in melanoma 2 (AIM2) was discovered in
melanoma in 1997 and was initially characterized as a
tumor suppressor gene. Research has shown that
overexpression of AIM2 can potentially reverse the
malignant characteristics of melanoma cells[1]. AIM2
is notable as the first non-NLR member capable of
forming an inflammasome[2]. AIM2 contains a
C-terminal HIN-200 domain and an N-terminal Pyrin
domain (PYD)[3]. The HIN domain is directly
responsible for binding to double-stranded DNA
(dsDNA) in the cytoplasm. The HIN-200 and the
Pyrin domain form an intramolecular complex and
remain in the autoinhibited state. The AIM2
inflammasome has been found to play a significant
role in the host's immune response to bacterial and
viral infections. In the context of infection, DNA

originating from either a pathogen or compromised
host cells is discharged into the cytoplasm, where it is
detected by cytoplasmic DNA sensors. For example,
dsDNA in the cytoplasm induces activation of AIM2,
leading to direct binding and interaction of PYD of
AIM?2 with ASC. In turn, the CARD of ASC binds to
the CARD of pro-caspase-1, promoting caspase-1
activation and maturation of the downstream
inflammatory cytokines IL-1(3 and IL-18[4].
Endogenous and exogenous dsDNA, with a
minimum length of 80 base pairs, are capable of
binding to the C-terminal HIN-200 domain of AIM2.
Subsequently, the PYD domain is released from the
intramolecular complex and interacts with the ASC[5,
6]. The CARD domain of ASC then binds to the CARD
domain of pro-caspase-1, forming a macromolecular
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complex that fulfills the essential structural
requirements of the inflammasome[3]. AIM2 is
expressed in the cytoplasm and recognizes dsDNA in
a manner that is not dependent on specific sequences.
The sugar-phosphate backbone of dsDNA interacts
with the positively charged HIN-200 domain of AIM2
through electrostatic attraction. The activation of the
AIM2 inflammasome through PYD
self-oligomerization leads to the activation of
caspase-1, which in turn cleaves pro-IL-1p and
pro-IL-18, resulting in the release of mature IL-1p and
IL-18 from the cells.[7, 8]. Additionally, caspase-1
cleaves the N-terminal fragment of gasdermin D
(GSDMD), inducing pyroptosis, a form of cell death|[3,
9,10].

The inflammasome is a large molecular complex
formed by cytoplasmic pattern recognition receptors
(PRRs), the adaptor protein ASC, and zymogen
procaspase-1, which are integral components of the
inflammatory immune response. Key sensors of the
inflammasome include Nod-like receptors (NLRs),
AIM2, and Pyrin[l11]. The assembly of the
inflammasome complex activates caspase-1 through
autoproteolytic hydrolysis. Subsequently, active
caspase-1 processes the precursor cytokines IL-1 and
IL-18 into their mature, active forms. Additionally,
active caspase-1 induces a form of inflammatory cell
death known as pyroptosis by cleaving GSDMD. The
cleavage of GSDMD releases its N-terminal domain,
which forms pores in the plasma membrane, resulting
in osmotic imbalance, cell swelling, loss of membrane
integrity, and eventual cell rupture[4, 12]. Recent
research has highlighted the significant role of the
inflammasome in cancer, impacting various aspects
such as inflammation, cell growth and death, blood
vessel formation, and metastasis. In specific contexts,
inflammasomes demonstrate varying effects on
cancer development[13]. They may either initiate
carcinogenesis and sustain the malignancy
microenvironment, or alternatively, exhibit anticancer
properties by modulating immune responses[14].

AIM2 has the capacity to impede tumor
progression through the facilitation of apoptosis,
suppression of cell proliferation, and initiation of
autophagy[15-17]. Conversely, in select cancers or
particular stages of cancer, AIM2 may stimulate the
proliferation of cancer cells[18, 19]. Furthermore,
AIM2 has the potential to impact cancer development
through either an inflammasome-dependent or
inflammasome-independent mechanism. This review
primarily focuses on recent research regarding the
diverse functions of AIM2 independent of the
inflammasome in inflammatory responses, cell
proliferation, apoptosis, and metastasis across various
cancer types.

AIM2 acts in tumors dependent on
inflammasome signaling

AIM2 functions as a dsDNA sensor that initiates
inflammasome signaling in various cancer types.
Previous research conducted by our team revealed a
notable decrease in AIM2 expression within colorectal
cancer (CRC) tissues compared to control samples,
correlating ~ with  downstream inflammasome
molecules ASC and IL-18[20]. In renal cell carcinoma
(RCC), a separate investigation demonstrated that a
conditionally replicating adenovirus containing AIM2
effectively suppressed cell proliferation, induced
apoptosis, and hindered lung metastasis by activating
the inflammasome pathway[21]. Furthermore, AIM2
has been demonstrated to facilitate the transition of
tumor-associated macrophages (TAMs) from an
anti-inflammatory M2-type to a pro-inflammatory
M1l-type by activating inflammasome signaling,
thereby promoting tumor rejection and impeding
tumor cell proliferation[16]. In the context of
hepatocellular carcinoma (HCC), AIM2 has been
found to suppress HCC cell proliferation, colony
formation, and invasion by inducing pyroptosis
through inflammasome formation, consequently
inhibiting the mTOR-S6K1 pathway and hindering
tumor progression[22]. However, another study
discovered that AIM2 promotes HCC by activating
the inflammasome, leading to increased expression of
IL-13 and IL-18, and amplifying the inflammatory
response[23]. In the context of cervical cancer, the
AIM?2 inflammasome inhibits human papillomavirus
(HPV)-infected cervical cancer by inducing cellular
pyroptosis  through  extracellular  vesicles[24].
Additionally, activation of the AIM2 inflammasome
suppresses bladder cancer (BLCA) and improves the
efficacy of BCG vaccine therapy in BLCA[25].
Research has shown that activation of the AIM2
inflammasome in nasopharyngeal carcinoma leads to
increased secretion of tumor-derived IL-1pB, resulting
in the recruitment of a significant population of
tumor-associated neutrophils (TANSs) and
suppression of tumor growth in murine models[26].

Interestingly, in prostate cancer, hypoxia has
been found to stimulate the transcriptional activity of
NF-xB in human normal prostate epithelial cells and
THP-1 cells, a human monocyte cell line. This
activation subsequently triggers AIM2
inflammasome, leading to the promotion of chronic
inflammation within the prostate gland and the
progression of prostate cancer[27]. However, the
mechanism by which activation of the AIM2
inflammasome contributes to the progression of
prostate  cancer remains unclear. In lung
adenocarcinoma (LUAD), AIM2 has been shown to
induce the transcriptional regulation of NF-xB and
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STAT1 via inflammasome activation, leading to the
promotion of epithelial-mesenchymal transition
(EMT) processes and increased PD-L1 expression.
Additionally, =~ AIM2 may facilitate @ LUAD
development by influencing cell cycle progression,
specifically by causing cell accumulation in the G2/M
phase and inhibiting cell proliferation, as well as by
activating calpain and IL-la or modulating
mitochondrial dynamics[18, 28-30].

In conclusion, AIM?2 exhibits diverse functions in
the pathogenesis of various cancers through its
interaction with inflammasome signaling pathways.
AIM2 has been shown to exert anti-tumor effects by
inhibiting cancer cell proliferation, inducing
apoptosis, pyroptosis, and enhancing the immune
response against cancer cells by modulating TAMs
and TANs. Conversely, AIM2 can also facilitate
cancer progression by promoting EMT and affecting
the cell cycle, highlighting the complex role of AIM2
in cancer development (Table 1, Figure 1).

AIM2 acts in tumors independently of
inflammasome signaling

CRC

CRC is a prevalent malignancy within the
gastrointestinal tract, with incidence and mortality
rates ranking third and second, respectively[31].
Diminished AIM2 expression has been noted in CRC
tissues[32-36].  Through a  combination  of
bioinformatics analysis and examination of clinical
tissue samples, it was determined that AIM2
expression levels were notably lower in tumor tissue
samples from CRC patients compared to those from
healthy individuals[32]. Several other studies have
reported comparable findings, indicating that AIM2
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expression is notably decreased in primary CRC
tissues compared to adjacent normal colorectal
tissues. Furthermore, AIM2 expression was found to
be diminished or absent in over three-quarters of
tumor tissues in comparison to epithelial cells in
normal tissues[33]. Additionally, reduced AIM2
expression was linked to the depth of CRC
infiltration, TNM stage, and Ilymph node
metastasis[32]. Moreover, the expression of AIM2 and
gene mutations in CRC tissues were found to be
positively associated with the overall survival rate of
CRC patients[33-36].

A  recent study demonstrated that the
transfection of AIM2 into HCT116 cells did not result
in the activation of caspase-1 or the cleavage of IL-1p
precursor, indicating that AIM2 transfection did not
activate the inflammasome in CRC cells. Instead,
AIM2 was found to induce the expression of
HLA-DRA and HLA-DRB by modulating CIITA
expression, and inhibit CRC cell proliferation through
the IFN/AIM2/ISG cascade[37]. Another study
discovered that AIM2 suppressed CRC cell viability
by inhibiting the PI3K/AKT pathway and caused an
increase in the percentage of cells in G1 and G2/M
phases, without affecting the S phase, ultimately
promoting cell apoptosis[38]. Additionally, AIM2
impeded the cell cycle progression from G2 to M
phase, consequently impeding proliferation and
suppressing the growth and invasion of CRC cell
lines, albeit without inducing apoptosis[39]. AIM2
was demonstrated to impede the proliferation and
migration of CRC cells through the suppression of the
AKT/mTOR signaling pathway and the inhibition of
Glil expression, thereby exerting a tumor suppressor
effect[17].
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Figure 1. Mechanisms of AIM2 regulation in various cancers through dependence on inflammasome signaling. AIM2 exhibits diverse functions in different types
of cancers through its dependence on inflammasome signaling. It can suppress cancer cell proliferation, induce apoptosis or pyroptosis, enhance tumor rejection by transforming
TAMs, and impede the progression of RCC, nasopharyngeal carcinoma, and HCC by recruiting TANs. Conversely, AIM2 can also facilitate the development of HCC and LUAD

by activating inflammasome signaling, promoting EMT, or influencing the cell cycle.
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Table 1. Role of AIM2 in cancer development: independence on the inflammasome.
Diseases Cells Research Methods Mechanism Function Reference
RCC 786-O, OSRC-2 in vivo and in vitro  AIM2 conditionally replicating adenovirus (Ad-CAIXpromotor -.AJM2)  Inhibition [21]
experiments. could inhibit cell proliferation, promote apoptosis and killing of
cancer cells through the inflammasome, induce tumor lysis, and also
inhibit lung metastasis in mice with renal cancer.
BMDMs, Renca cells in vivo and in vitro  AIM2 enhanced the polarization switch of tumor-associated Inhibition [16]
experiments. macrophages (TAMs) from anti-inflammatory M2-type to
pro-inflammatory M1-type through the activation of inflammasome
signaling, which promoted tumor rejection and thus inhibits tumor
cell growth.
HCC MHCC97H, MHCC97L, Clinical research; =~ AIM2 was found to inhibit the mTOR-S6K1 pathway by inducing Inhibition [22]
BEL7402, SMCC7721, in vivo cellular pyroptosis through the formation of inflammasomes and
HepG2 experiments. inhibiting the proliferation, colony formation and invasion of HCC
cells.
Kupffer cell in vivo and in vitro  AIM2 promoted the activation of hepatic inflammasomes and Promotion  [23]

experiments.
HCC.
Cervical cancer SiHa, ME-180, CaSki,
SNU-17, HeLa
Nasopharyngea NPC-TWO01, -TWO02,
1 carcinoma -TW04, HK1

experiments.

experiments.

in vivo and in vitro HPV-infected cervical cancer cells could continue to grow by
inhibiting AIM2 inflammasome-mediated immunity through SIRT1.
in vivo and in vitro  The activation of AIM2 inflammasome promoted the secretion of
IL-1P and recruited tumor-associated neutrophils (TANSs), thereby

participated in the early inflammatory and proliferative responses in

Inhibition [24]

Inhibition [26]

inhibiting tumor growth in mice.

Prostate Cancer Human normal prostate In vivo experiment. AIM2 inflammasomes promoted chronic inflammation in the prostate Promotion  [27]

epithelial cells (PrECs),
THP-1

LUAD A549, H1355, HCC827,

In vivo experiment. AIM2 mRNA expression levels were upregulated in lung cancer

gland, thereby promoting prostate cancer.

Promotion  [18]

PC9 tissues compared to normal tissues and positively correlated with
poor prognosis. The overexpression of AIM2 promoted the
transcriptional regulation of NF-«kB and STAT1 by enhancing the
expression of IL-1{3 and IL-18, which in turn promoted the EMT
process and PD-L1 expression.

A549, H460
experiments.

in vivo and in vitro  AIM2 short hairpin RNA (shRNA)-mediated inhibition of cell
proliferation was triggered by cell accumulation in G2/M phase. The

Promotion  [29]

overexpression of AIM2 induced inflammasome formation, resulting
in increased levels of cleaved caspase-1 and mature IL-1p in NSCLC
cell lines, which in turn enhanced cell viability and migration of

NSCLC cell lines.

Tumor-associated pDCs responded to AIM2 activation and promoted Promotion  [30]
calcium efflux and reactive oxygen species from the mitochondria,

leading to calpain activation and high levels of IL-1a, which

Plasmacytoid dendritic
cells (pDCs)

Clinical research;
in vivo
experiments.

promoted lung tumor cell proliferation.

The suppression of CRC by AIM2 is linked to its
role in pathological development. Studies on Aim2+
mice have shown a higher incidence of
colitis-associated CRC compared to Asc’ mice with
defective inflammasomes, suggesting that AIM2's
impact on CRC is not dependent on inflammasome
activation. ~ Additionally,  Aim27/ApcM»*  mice
exhibited increased tumor burdens compared to
ApcMiv+ mice. Mechanistically, AIM2 interacts with
and restricts the activation of DNA-dependent protein
kinase (DNA-PK), thereby inhibiting Akt activation
and ultimately reducing tumor burden in the CRC
model[40].

A previous study indicated that in
colitis-associated CRC,there was a notable increase in
both the quantity and size of tumors in the mesocolon
and distal colons of Aim27 mice compared to WT
mice. However, similar levels of activition of
inflammasome or inflammation-associated molecules,
such as caspase-1, IL-1pB, IL-18, IL-6, TNF, and G-CSF,
were observed in the colons of WT mice and Aim2+
mice both before and after treatment. These findings

suggest that AIM2 regulates tumor development
through a mechanism that is independent of
inflammasome activation and inflammation[41].
Subsequent research indicated that Aim27 mice
exhibited increased cell proliferating, elevated levels
of proliferation-related molecules (S100A9, SNRPD1,
and DBF4, among others), heightened
phosphorylation of AKT and PTEN, and upregulation
of oncogenes compared to WT mice. Additionally,
Aim27 mice demonstrated accelerated growth of
colon stem cells, enhanced stem cell activity in Prom1*
cells following abnormal Wnt activation, and a greater
propensity for tumor formation. These findings
suggest that AIM2 plays a role in regulating the
expansion of intestinal stem cells and serves to protect
the host from CRC development[41].

In summary, AIM2 has the ability to suppress
cell proliferation through modulation of molecular
expression, including S1I00A9, SNRPD1, and DBF4, as
well as by inhibiting Akt activation to induce
apoptosis. Additionally, AIM2 impacts the cell cycle
by regulating stem cell activity via the Wnt signaling
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pathway, thereby providing protection against CRC
development (Table 2, Figure 2).

Breast cancer (BC)

Based on recent global cancer data, BC has now
surpassed lung cancer as the most prevalent cancer
wordwild, with the highest mortality rate among
female malignant tumors[42]. The expression of AIM2
has been shown to increase the number of sub-G1
phase cells and induce apoptosis in tumor cells,
effectively inhibiting BC cell proliferation, and growth
in vitro, as well as suppressing breast tumor formation
in vivo. Additionally, AIM2 expression has been found
to inhibit NF-xB transcriptional activity and
desensitize TNF-a-mediated NF-xB activation,
ultimately leading to pro-apoptotic outcomes[43].
Furthermore, a separate study demonstrated that
heightened AIM2 expression facilitated apoptosis in
BC cells via a mitochondrial pathway. This was
achieved through the downregulation of the
anti-apoptotic protein Bcl-xL, upregulation of the
apoptotic proteins Bad and Bax, and activation of
PARP[44]. Additionally, AIM2 was shown to
upregulate the expression of Caspase3 and DFNADJ,
leading to BC cell death and ultimately inhibiting
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tumorigenesis[45].

In summary, AIM2 demonstrates potential
anti-tumor properties in BC through the inhibition of
cell proliferation and the facilitation of apoptosis or
pyroptosis (Table 2, Figure 3).

Renal carcinoma (RCC)

RCC is the predominant form of urogenital
cancer, exhibiting a mortality rate ranging from 30%
to 40%[46]. Research has indicated that AIM2 exerts a
protective function in RCC. Specifically, a study
revealed that AIM2 expression was predominantly
low (negative and weak) in approximately two-thirds
of the 298 RCC biopsy specimens, while high
(moderate and strong) expression was observed in the
remaining one-third of biopsy samples[47]. Decreased
AIM2 expression was found to be correlated with
unfavorable prognostic outcomes, including lymph
node metastasis and reduced 5-year overall and
disease-specific =~ survival rates in individuals
diagnosed with RCC. Additionally, upregulation of
AIM2 was observed to suppress cell proliferation,
migration, and invasion, while promoting autophagy,
ultimately impeding the malignant characteristics of
RCC cells[47].
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Figure 2. Mechanisms of AIM2 regulation in CRC, HCC, and RCC in inflammasome-independent manner. In CRC, AIM2 demonstrates the ability to modulate
tumor stem cell activity through the regulation of CIITA expression, resulting in the induction of HLA-DRA/HLA-DRB and suppression of the Wnt signaling pathway.
Additionally, AIM2 exerts an inhibitory effect on CRC cell viability by targeting the PI3K/AKT pathway, leading to cell cycle arrest at the G1 and G2/M phases and a decrease in
the S phase population, ultimately promoting apoptosis. Furthermore, AIM2 exhibits a suppressive impact on CRC progression by inhibiting the AKT/mTOR and Glil pathways,
consequently diminishing the proliferation and migration of CRC cells. In HCC, AIM2 facilitates cancer cell apoptosis through the suppression of the Notch signaling pathway,
resulting in decreased cancer cell migration and invasion, ultimately impeding the progression of HCC. Moreover, AIM2 promotes the phosphorylation and proteasomal
degradation of FOXO3a, thereby inhibiting ferroptosis and promoting the progression of RCC.
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Table 2. Role of AIM2 in cancer development: dependence on the inflammasome.

Diseases Cells Research Methods Mechanism Function Reference
CRC HCT116, 293T, HT-29  Microarray analysis; in ~ AIM2 triggered the induction of HLA-DRA and HLA-DRB by modulating Inhibition  [37]
vitro experiments. CIITA expression, and finally acted through the IFN / AIM2 / ISG cascade
to function in CRC.
HCT116 in vivo experiment. AIM2 inhibited CRC cell viability and increases apoptosis by suppressing Inhibition  [38]
the PI3K/ AKT pathway to exert antitumor effects.
HCT116 in vivo experiment. AIM2 delayed the cell cycle transition from G2 to M phase, thereby Inhibition  [39]
slowing proliferation and inhibiting the growth of colon cancer cell lines,
and suppressing invasion of CRC cells, but did not induce apoptosis.
SW480, SW620, in vivo and in vitro AIM2 inhibited the proliferation and migration of CRC cells by regulating Inhibition  [17]
HCT116, LoVo experiments. AKT/mTOR and signaling pathway, and inhibiting the expression of Glil.
BMDMs, MEFs, in vivo and in vitro AIM2 inhibited colon tumorigenesis and progression by limiting DNA-PK Inhibition  [40]
HCT116, HEK293T experiments. and Akt activation.
Intestinal stem cells in vivo experiment. AIM2 inhibits the development of CRC by suppressing enterocyte Inhibition ~ [41]
proliferation, expansion of intestinal stem cells, and regulation of the
microbiota.
Breast = MCF-7, Tet-Off in vivo experiment. AIM2 promoted apoptosis in breast cancer cells through a mitochondrial ~Inhibition  [44]
cancer mechanism, and also inhibited the expression of the anti-apoptotic protein
Bcl-xL, increased the expression of the apoptotic proteins Bad and Bax,
and activated cysteine asparaginase, leading to cleavage of the DNA
repair protein PARP.
MCEF-7, MDA-MB-231  in vivo and in vitro AIM2 promoted the expression of Caspase 3 and DFNAS to induce breast Inhibition  [45]
experiments. cancer cell death, thereby suppressing tumorigenesis.
RCC 786-O, OSRC-2 in vivo and in vitro Overexpression of AIM2 inhibited cell proliferation, migration and Inhibition  [47]
experiments. invasion, and enhanced autophagy in renal cancer cells, thereby inhibiting
the malignant biological behavior of renal cancer cells.
7860, OSRC2, Caki-1,  in vivo and in vitro AIM2 promoted phosphorylation and proteasomal degradation of Promotion  [50]
A498, ACHN experiments. FOXO3a, which reduced its transcriptional effect on ACSL4, inhibited iron
death, and promoted renal carcinoma development.
HCC Bel-7402, SMMC-7721,  in vivo and in vitro Low expression of AIM2 was strongly associated with higher serum AFP  Inhibition  [53]
Huh?7, Be-7404 experiments. levels, vascular infiltration, poor tumor differentiation, incomplete tumor
envelope, and lower postoperative survival. Deletion of AIM2 promoted
EMT activation and HCC metastasis.
HCCLM3, SMMC-7721 Clinical research; in vivo AIM2 promoted apoptosis and inhibited the migration and invasion of Inhibition  [54]
and in vitro cancer cells by inhibiting the Notch signaling pathway, and delayed tumor
experiments. progression in homograft experiments using nude mice, thereby inhibiting
HCC growth and metastasis.
LUAD Raw264.7 cells, LA795 Clinical bioinformatic =~ AIM2 promoted immune escape from LUAD by inducing M2 polarization Promotion  [57]
cells analysis; in vivo and in  of macrophages and PD-L1 expression via the JAK/STAT3 pathway and
vitro experiments. by inhibiting CD8* T cell infiltration through the PD-1/PD-L1 axis.
H1975, H358, A549, in vivo and in vitro AIM2 promoted cancer cell proliferation by regulating mitochondrial Promotion  [58]
H157, HCC827, H3255, experiments. dynamics, resulting in decreased mitochondrial fusion, which in turn led
H460 to increased cellular reactive oxygen species production and activation of
the MAPK/ERK signaling pathway.
SCC UT-SCC12A, -91,-105, in vivo and in vitro Down-regulation of AIM2 expression decreased cell viability in CSCC Promotion  [62]
-111 and -118; experiments. cells, triggered apoptosis, resulted in decreased cell invasion, and inhibit
UT-SCC7, -59A and growth and vascularization of CSCC xenografts in vivo.
-115
Ca9-22, Holul, HSC2, in vivo experiment. When p53 is absent, the co-expression of AIM2 and IFI16 promoted cell Promotion  [63]
HSC3, HSC4, HSQ89, proliferation by activating the NF-kB signaling pathway. Meanwhile,
SAS and Sa3 caspase-1 was not activated in oral squamous cell carcinoma cells. dSDNA
could not trigger the formation of AIM2 inflammasome in OSCC cells.
HSC2, HSC3, HSC4, in vivo and in vitro AIM2 overexpression contributed to the tumorigenesis of OSCC and Promotion  [65]
HSQ89, Ho-1-u-1, SAS, experiments. caused high migration of cancer cells, increased the invasive ability of
Sa3 and Ca922 cancer cells, and led to enhanced EMT. Moreover, in vivo experiments by
in situ transfer into immunodeficient mice also showed that
AIM2-overexpressing cancer cells resulted in enhanced tumor growth in
the tongue and reduced survival in mice.
HSC2, HSC3, HSC4, Clinical bioinformatic ~ AIM2 promoted radiation resistance, migration and PD-L1 expression in ~ Promotion  [64]
SAS analysis; in vitro oral squamous carcinoma cells through activation of STAT1/NF-kB.
experiments.
/ Clinical bioinformatic ~ Low AIM2 expression combined with high p-STAT3 expression is closely ~Inhibition  [66]
analysis and clinical related to lymph node metastasis, intravascular tumor thrombosis, low
sample research. survival rate and poor prognosis.
GC MGC803, SGC7901, Clinical research; in AIM2 inhibited GC cell proliferation and migration by suppressing AKT  Inhibition  [69]
MKN45, AGS vitro experiments. signaling.
os hFOB1.19, C396, in vivo experiments. AIM2 inhibited proliferation, invasion and migration and promoted Inhibition  [19]
CAL-72, MG-63 apoptosis of osteosarcoma cells by inactivating the PI3K/ AKT/mTOR

signaling pathway.
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Figure 3. Mechanisms of AIM2 in regulating the development of breast cancer and LUAD independent of inflammasome. AIM2 exerts its anti-cancer effects
through multiple mechanisms, including the promotion of cancer cell apoptosis via modulation of sub-G1 phase cells and inhibition of NF-kB. Additionally, AIM2 can impede
cancer progression by downregulating Bcl-xL expression and upregulating Bad and Bax expression, resulting in Caspase 3 activation and subsequent PARP cleavage. Furthermore,
AIM2 can enhance Caspase 3 and DFNAS expression, leading to breast cancer cell pyroptosis and inhibition of tumor growth. Moreover, AIM2 activates the MAPK/ERK signaling
pathway by inhibiting mitochondrial fusion, thereby increasing ROS production. Furthermore, AIM2 has the capability to activate the JAK/STAT3 pathway, leading to the
promotion of M2 polarization in macrophages and increased PD-L1 expression, while also inhibiting CD8* T cell infiltration via the PD-1/PD-LI axis. Additionally, AIM2 can

facilitate the progression of LUAD by suppressing the expression of caspase-1 and IL-1B.

A bioinformatics analysis revealed that AIM2 is
prominently expressed as a regulator of pyroptosis in
clear cell renal cell carcinoma (CCRCC) and is closely
linked to unfavorable prognoses in CCRCC
patients[48, 49]. Notably, AIM2 expression was
notably elevated in RCC tumor tissues compared to
normal tissues, leading to the promotion of RCC
development through the phosphorylation and
proteasomal degradation of FOXO3a. This process
ultimately hinders the transcriptional effect on
ACSL4, inhibits ferroptosis, and facilitates RCC
progression[50]. In summary, AIM2 facilitate the
progression of renal cancer through the regulation of
iron-mediated cell death (Table 2, Figure 2).

Hepatocellular carcinoma (HCC)

HCC arises from hepatocytes and represents the
majority of primary liver cancer cases, accounting for
90% of cases. HCC is ranked as the sixth most
prevalent cancer globally in 2020 and is the third
leading cause of cancer-related mortality[51].
Research has indicated a notable decrease in AIM2
expression in HCC compared to normal tissues;
however, the level of AIM2 expression does not
appear to correlate with recurrence-free survival or
overall survival rates among HCC patients[52]. Two

additional studies have corroborated the significant
reduction of AIM2 expression in HCC tissues[53, 54].
Furthermore, diminished AIM2 expression has been
strongly linked to elevated serum alpha-fetoprotein
(AFP) levels, vascular infiltration, poor tumor
differentiation, incomplete tumor encapsulation, and
decreased postoperative survival. Additionally, AIM2
deletion has been shown to facilitate EMT activation
and HCC metastasis[53]. Research has been
demonstrated that the overexpression of AIM2 lead to
the promotion of apoptosis and the suppression of
migration and invasion in cancer cells by inhibiting
the Notch signaling pathway. Additionally, AIM2 has
been shown to delay tumor progression in homograft
experiments involving nude mice, ultimately
inhibiting the growth and metastasis of HCC[54].

Therefore, AIM2 has the ability to suppress
HCC growth and metastasis via the Notch signaling
pathway without reliance on inflammasome
signaling, and additionally demonstrates a protective
role by inhibiting EMT (Table 2, Figure 2).

Lung adenocarcinoma (LUAD)

LUAD is a prevalent form of cancer globally and
is the primary cause of cancer-related mortality[55].
Research has shown that AIM2 is significantly
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upregulated in the tumor tissues of patients with
LUAD and is associated with a negative prognosis[56,
57]. A study utlizing xenograft assays and
manipulating AIM2 expression in tumor cells in vitro
demonstrated that AIM2 facilitates immune evasion
in LUAD by inducing M2 macrophage polarization
and PD-L1 expression via the JAK/STAT3 pathway,
while also inhibiting CD8* T cell infiltration through
the PD-1/PD-L1 axis[57]. AIM2 has been shown to
enhance cancer cell proliferation through the
regulation of mitochondrial dynamics, leading to
reduced mitochondrial fusion and subsequent
elevation of cellular reactive oxygen species (ROS)
production and activation of the MAPK/ERK
signaling pathway[58]. Additionally, a recent study
demonstrated that in a LAC mouse model,
AIM2-deficient mice were able to mitigate
KRAS-driven LUAD by facilitating the release of
mature caspase-1 and IL-1P, thereby inhibiting the
growth of lung cancer cells in an inflammasome
adapter-independent manner[59].

In summary, AIM2 has been shown to suppress
the expression of caspase-1 and IL-1p through
inflammasome-independent signaling as well as
impede CD8* T-cell infiltration through the
JAK/STAT3 pathway, thereby facilitating immune
evasion by tumors. Furthermore, AIM2 has been
implicated in the promotion of lung cancer
progression by modulating mitochondrial dynamics
and other cellular pathways (Table 2, Figure 3).

Squamous cell carcinoma (SCC)

SCC is the second most prevalent form of
cutaneous malignancy affecting the anterior region of
the skull base, characterized by local infiltration of
neighboring anatomical structures. The nasal cavity
and paranasal sinuses are the most frequent primary
sites of origin, with less common occurrences in the
skin and orbit, underscoring the importance of early
detection to prevent metastasis[60, 61]. Elevated levels
of AIM2 expression have been observed in cutaneous
SCC compared to mnormal skin, and the
down-regulation of AIM2 expression has been shown
to diminish cell viability and invasion while
increasing apoptosis in SCC cells. This phenomenon
ultimately results in the suppression of growth and
vascularization of xenografts in vivo[62].

AIM2 is upregulated in oral squamous cell
carcinoma (OSCC). In the absence of p53, the
concurrent expression of AIM2 and IFI16 can enhance
cell proliferation by activating the NF-«xB signaling
pathway. Nevertheless, caspase-1 remains inactive in
OSCC cells due to the inability of dsDNA to induce
the formation of the AIM2 inflammasome in OSCC
cells[63]. Additionally, a separate study demonstrated

that AIM2 contributes to radiation resistance,
migration, and PD-L1 expression in OSCC cells by
activating the STAT1/NF-xB signaling pathway[64].
A study demonstrated that overexpression of
AIM2 played a significant role in the tumorigenesis of
OSCC, leading to increased cancer cell migration,
enhanced invasive capabilities, and promotion of
EMT. Futhermore, in vivo experiments involving the
transfer of AIM2-overexpressing cancer cells into
immunodeficient mice revealed accelerated tumor
growth in the tongue and reduced survival rates
among the mice[65].

In contrast, the role of AIM2 in hypopharyngeal
squamous cell carcinoma (HSCC) differs significantly.
AIM2 expression was notably decreased in
comparison to adjacent normal hypopharyngeal
tissues. Reduced AIM2 expression was strongly
linked to lymph node metastasis, intravascular tumor
thrombosis, diminished survival rates, and
unfavorable prognosis. Conversely, the expression of
p-STATS3 protein and the p-STAT3/STAT3 ratio were
elevated in HSCC tissues and were correlated with
survival outcomes. Nevertheless, the precise
mechanism through which AIM2 modulates the
expression of p-STAT3 and subsequently inhibits
HSCC remains unknown[66] (Table 2).

Gastric cancer (GC)

GC is recognized as a significant malignancy
globally, characterized by a substantial disease
burden and high mortality rates[67, 68]. Research has
revealed a notable decrease in AIM2 expression
within GC tumor tissues, with AIM2 deficiency
correlating with factors such as tumor size, lymph
node metastasis (LNM), tumor, lymph node
metastasis (TNM) stage, and unfavorable prognostic
outcomes in GC patients. Experimental findings
further indicate that knockdown of AIM2 in GC cells
promotes cell proliferation and migration through the
activation of AKT phosphorylation, while conversely,
overexpression of AIM2 results in the opposite
cellular phenotype[69] (Table 2, Figure 4).

Osteosarcoma (OS)

OS is the predominant primary bone malignancy
characterized by a significant tendency for local
infiltration and metastasis. Despite advancements in
treatment modalities such as surgical intervention
and chemotherapy, the prognosis for patients with
metastatic or recurrent osteosarcoma remains
suboptimal[70]. AIM2 expression is notably
diminished in diverse OS cell lines, and upregulation
of AIM2 has been shown to impede the
PIBK/AKT/mTOR signaling pathway, thereby
suppressing  cellular  proliferation,  invasion,
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migration, and EMT while promoting apoptosis. This
inhibitory effect on OS progression is reversed upon
AIM2 knockdown[19] (Table 2, Figure 4).

The potential benefits and associated
challenges of AIM2 in cancer therapy

AIM?2 functions as a significant regulatory factor
in the context of cancer. Its roles appear to vary across
different types of cancers, distinct tumor
microenvironments, and various stages of cancer
progression, potentially operating through both
inflammasome-dependent and  inflammasome-
independent mechanisms.

AIM2 has been demonstrated significant
potential as a therapeutic target for tumor treatment,
particularly in “cold tumors” where conventional
immunotherapy  proves ineffective. = Research
indicates that AIM2 expression in human melanoma
DCs is correlated with poor prognosis and exhibits
immunosuppressive properties. Furthermore, the
inoculation of AIM2-deficient DCs may enhance the
efficacy of relay T-cell therapy and anti-PD-1
immunotherapy in “cold tumors”[71] (Figure 5).
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Among the therapeutic strategies targeting
AIM2, small interfering RNAs (siRNAs)[71],
inflammasome inhibitors[16], conditional replication
adenoviruses (CRAds)[21], and gene delivery
systems[72] have demonstrated efficacy, particularly
in preclinical animal models and in vitro experiments.
These approaches significantly increase the sensitivity
of tumor cells to the immune system by inhibiting the
activity of AIM2 or inflammasomes, or by promoting
the oncolytic effects of AIM2, thereby augmenting the
anti-tumor immune response (Figure 5).

Notably, the integration of AIM2-targeted
therapy with existing immunotherapeutic modalities,
including anti-PD-1/PD-L1 inhibitors, chimeric
antigen receptor T (CAR-T) cell therapy, and
pharmacological agents such as osimertinib, holds
potential for enhancing therapeutic outcomes,
particularly in tumor types characterized by
comparatively weak immune responses. Preclinical
studies have demonstrated that these combination
therapies can significantly improve patient response
rates to treatment[73-75] (Figure 5).
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Figure 4. Mechanisms of AIM2 regulation in OSCC, CSCC, GS, and OS independent of inflammasome. AIM2 has been shown to play a role in promoting cancer
cell proliferation through activation of the NF-kB signaling pathway, as well as enhancing cancer cell viability and inhibiting apoptosis. This ultimately leads to the promotion of
cancer cell invasion and the development of EMT, thereby contributing to the progression of OSCC and CSCC. Conversely, in GS, AIM2 has been found to inhibit cell growth
and migration by suppressing AKT phosphorylation. Additionally, in OS, AIM2 can inactivate the PI3K/AKT/mTOR pathway, leading to inhibition of proliferation, invasion, and
migration of osteosarcoma cells, as well as promotion of apoptosis, ultimately hindering the progression of OS.
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Figure 5. The implication and application of AIM2 in cancer therapy. Therapeutic strategies targeting AIM2, such as siRNA, Ad-CAIXpromotor-AlM2, H1-pAIM2, and
Ac-YVAD-CMK, inhibit melanoma progression by modulating AIM2 or inflammasome activity and enhancing IFN expression. These approaches can also influence cancer cell
pyroptosis, migration, and invasion, affecting RCC development. Combining AlM2-targeted therapies with existing immunotherapies like anti-PD-1/PD-L1 blockade, CAR-T cell

therapy, or drugs like osimertinib may enhance treatment efficacy.

Despite  the  promising  potential  of
AlIM2-targeted therapies in the treatment of tumors,
numerous challenges and limitations persist. First,
AlM2-targeted therapy necessitates exceptionally
high specificity to prevent unintended modulation of
AIM2 activity in non-tumor tissues. Consequently,
minimizing off-target effects while preserving
therapeutic efficacy represents a significant challenge.
Second, the expression levels and mechanisms of
AIM2 action can vary substantially across different
tumor types and individual patients. For instance, as
previously discussed, AIM2 may exhibit divergent or
even opposing effects in certain tumors due to distinct
underlying mechanisms. This variability may
influence the efficacy of targeted therapies,
particularly within the realm of precision medicine,
where tailoring therapeutic strategies to individual
patient contexts presents a significant challenge.
Furthermore, despite the promising results of
AlM2-targeted therapies in preclinical studies,
numerous obstacles remain in translating these
findings into safe and effective clinical treatments.
Notably, there is a scarcity of clinical-grade inhibitors
targeting AIM2, and the design of clinical trials poses
additional challenges.

In conclusion, the regulatory mechanism of
AIM2 in cancer development and progression holds

significant potential as a therapeutic target for the
treatment of various cancers. However, considerable
challenges remain to be addressed.

Discussion

The intricate tumor microenvironment is a
critical factor in the promotion of tumor growth.
AIM2, a dsDNA sensor from the interferon-inducible
p200 family, is believed to have a dual function in
both innate immune response and tumor
pathogenesis[76, 77]. AIM2 is significantly involved in
the initiation and advancement of numerous types of
cancer, although its expression and mechanisms vary
among different cancer types.

Prior research has primarily concentrated on the
involvement of AIM2 in different types of cancer,
particularly in relation to inflammasome signaling.
The inflammasome serves a crucial defensive function
within the human body, with the AIM2
inflammasome exhibiting antibacterial properties and
the ability to inhibit certain bacterial pathogens[78].
Furthermore, activation of the inflammasome is
essential for safeguarding against viral infections,
while AIM2 inflammasome also has the capacity to
identify and protect against fungal pathogens[4, 79,
80]. The inflammasome is capable of recognizing a
diverse array of pathogen-associated molecules,
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leading to its activation by DNA and RNA viruses
and subsequent induction of pyroptosis[78, 81]. While
the primary function of the inflammasome is to
provide defense against pathogens, prolonged and
excessive inflammation can have detrimental
effects[81]. Chronic inflammation has been implicated
in various stages of tumorigenesis, impacting
processes such as tumor initiation, promotion,
malignant transformation, invasion, and metastasis.
The growth of initial tumors may be influenced by
inflammation-driven stimulation. The tumorigenic
properties of inflammatory mediators encompass a
variety of mechanisms, such as augmented cellular
proliferation, inhibition of apoptosis, immune
suppression, facilitation of tumor cell migration and
invasion, and promotion of angiogenesis[76, 82, 83].

This review highlights AIM2 as the initial
non-NLR family inflammasome implicated in various
cancer types, underscoring its significant involvement
in tumorigenesis irrespective of inflammasome
activation.

From a perspective of tumor promotion and
suppression, AIM2 exhibits diverse roles across
different types of cancers. Studies have shown a
decrease in AIM2 expression in specific cancer types
including CRC, breast cancer, HCC, HSCC, GC, and
OS. The reduced levels of AIM2 suggest a potential
tumor suppressor function in these cancers. AIM2 has
been shown to impede the malignant behaviors of
CRC cells, such as proliferation and migration,
through modulation of the AKT/mTOR signaling
pathway, NF-xB signaling pathway, Notch signaling
pathway, mitochondrial dynamics, and cell cycle
regulation, thereby exhibiting anti-tumor -effects.
Furthermore, the upregulation of AIM2 has been
observed in various cancers, including lung cancer,
RCC, OSCC, and CSCC, where it has been shown to
enhance cell viability, invasiveness, and suppress
apoptosis primarily via the JAK/STAT3 pathway,
inhibition of iron death, and the NF-xB signaling
pathway, ultimately promoting tumorigenesis.
Conversely, AIM2 may exhibit distinct functions in
HCC and cervical cancer, potentially through unique
mechanisms.

AIM2 plays a multifaceted role in tumorigenesis,
demonstrating both promotional and inhibitory
effects on cancer development. Its functions include
promoting cell proliferation, migration, and invasion,
as well as suppressing anti-tumor immune responses.

The role of AIM2 in inflammation and tumor
response is not singular; rather, it involves
interactions with various molecules, forming a
complex regulatory network. Specifically, molecules
intimately associated with AIM2 function, including
Interferon-inducible protein 16 (IFI16), ASC,

Caspase-1, IL-18, and IL-1pB, contribute distinct roles
in the assembly and signaling of inflammasomes.
Recent research has elucidated the diverse functions
of these molecules across different tumor types.

The function of IFI16 in various cancers exhibits
a dual nature. In BC and triple-negative breast cancer
(TNBC), IFI16 is implicated in the inhibition of tumor
growth and migration[84, 85]. Conversely, elevated
levels of IFI16 in the serum of BC patients are
associated with pro-tumor inflammation and disease
progression[86].  Additionally, in  esophageal
squamous cell carcinoma (ESCC), IFI16 facilitates the
development of a malignant phenotype and is
significantly =~ correlated  with  the invasive
characteristics of the tumor[87]. These observations
suggest that IFI16 may operate through distinct
mechanisms across different cancer types. Similar to
the dual role of IF116, ASC facilitates the progression
of GC and pancreatic ductal carcinoma by enhancing
the expression of IL-18 or IL-1p, which subsequently
promotes the development of pancreatic ductal
carcinoma[88, 89]. Conversely, in CRC, ASC is
implicated in the development of carcinoma through
the production of mitochondrial ROS and the
activation of JNK signaling, leading to cell necrosis
and exerting tumor-suppressive effects[90]. Caspase-1
can inhibit the development of BC and CRC by
promoting cellular pyroptosis[91, 92]. In contrast,
IL-1B has been extensively studied as a pro-tumor
factor, exhibiting oncogenic effects in various cancers.
The absence of IL-13 has been shown to inhibit the
development of fibrosarcoma in murine models[93].
Conversely, in prostate cancer, pancreatic cancer, and
HCC, IL-18 has been found to accelerate tumor
progression by inducing immunosuppression and
promoting inflammation and metastasis[94-96]. As for
IL-18, it primarily exhibits pro-tumor properties
across various cancer types, facilitating tumor
progression and metastasis through mechanisms such
as enhanced angiogenesis, promotion of cell
migration, and immune evasion[97-101]. The
multifaceted roles of these molecules in distinct tumor
contexts imply that their functions may be contingent
upon specific tumor types and their micro-
environments. Consequently, further elucidation of
these mechanisms is imperative for the advancement
of novel therapeutic strategies for cancer treatment.

In summary, AIM2 functions as a critical
regulator in cancer pathogenesis, demonstrating a
range of roles across different cancer types, tumor
microenvironments, and stages of disease
progression, both in inflammasome-dependent and
inflammasome-independent contexts. Consequently,
understanding the mechanisms governing AIM?2
regulation in cancer development and progression
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represents a promising therapeutic strategy for
various malignancies, albeit with significant
challenges. Therefore, the advancement of versatile,
effective, and precise molecularly targeted cancer
therapies is imperative and should be prioritized.

Acknowledgements

This work was supported by funds from
National Natural Science Foundation of China
(31960163), Jinggang Scholar of Jiangxi Province
(QD202205), Inflammation and Immunology Research
Team of Gannan Medical University (TD2021JC01),
Key Project of Cardiocerebrovascular Diseases of
Gannan Medical University (XN201906), Scientific
Project of Gannan Medical University (YQ202005),
and Jiangxi Provincial Natural Science Foundation
(20242BAB25551) (to Zhiping Liu); and Special
Funding Program for Graduate Student Innovation at
Gannan Medical University (YC2023-X003) (to Lina
Sui).

Author contributions

Original idea and planning: Z.L and Q.
Writing-L.S and Y.X. Reviewing and editing-Z.L and
Q.X. All authors have read and agreed to the
published version of the manuscript.

Competing Interests

The authors have declared that no competing
interest exists.

References

1. DeYoung KL, Ray ME, Su YA, Anzick SL, Johnstone RW, Trapani JA, et al.
Cloning a novel member of the human interferon-inducible gene family
associated with control of tumorigenicity in a model of human melanoma.
Oncogene. 1997; 15: 453-7.

2. Burckstummer T, Baumann C, Bluml S, Dixit E, Durnberger G, Jahn H, et al.
An orthogonal proteomic-genomic screen identifies AIM2 as a cytoplasmic
DNA sensor for the inflammasome. Nat Immunol. 2009; 10: 266-72.

3. Man SM, Kanneganti TD. Regulation of inflammasome activation. Immunol
Rev. 2015; 265: 6-21.

4.  Kumari P, Russo AJ, Shivcharan S, Rathinam VA. AIM2 in health and disease:
Inflammasome and beyond. Immunol Rev. 2020; 297: 83-95.

5. JinT, Perry A, Jiang J, Smith P, Curry JA, Unterholzner L, et al. Structures of
the HIN domain:DNA complexes reveal ligand binding and activation
mechanisms of the AIM2 inflammasome and IFI16 receptor. Immunity. 2012;
36: 561-71.

6. Chew ZH, Cui J, Sachaphibulkij K, Tan I, Kar S, Koh KK, et al. Macrophage
IL-1B contributes to tumorigenesis through paracrine AIM2 inflammasome
activation in the tumor microenvironment. Front Immunol. 2023; 14: 1211730.

7. Lu A, Kabaleeswaran V, Fu T, Magupalli VG, Wu H. Crystal structure of the
F27G AIM2 PYD mutant and similarities of its self-association to DED/DED
interactions. ] Mol Biol. 2014; 426: 1420-7.

8. Hou X, Niu X. The NMR solution structure of AIM2 PYD domain from Mus
musculus reveals a distinct alpha2-alpha3 helix conformation from its human
homologues. Biochem Biophys Res Commun. 2015; 461: 396-400.

9. ShiJ, Zhao Y, Wang K, Shi X, Wang Y, Huang H, et al. Cleavage of GSDMD by
inflammatory caspases determines pyroptotic cell death. Nature. 2015; 526:
660-5.

10. Kayagaki N, Stowe IB, Lee BL, O'Rourke K, Anderson K, Warming S, et al.
Caspase-11 cleaves gasdermin D for non-canonical inflammasome signalling.
Nature. 2015; 526: 666-71.

11.  Zhang WJ, Chen SJ, Zhou SC, Wu SZ, Wang H. Inflammasomes and Fibrosis.
Front Immunol. 2021; 12: 643149.

12. QingF, Xie T, Xie L, Guo T, Liu Z. How Gut Microbiota Are Shaped by Pattern
Recognition Receptors in Colitis and Colorectal Cancer. Cancers (Basel). 2022;
14: 3821.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

Karki R, Man SM, Kanneganti TD. Inflammasomes and Cancer. Cancer
Immunol Res. 2017; 5: 94-9.

Lin C, Zhang J. Inflammasomes in Inflammation-Induced Cancer. Front
Immunol. 2017; 8: 271.

Saiga H, Nieuwenhuizen N, Gengenbacher M, Koehler AB, Schuerer S,
Moura-Alves P, et al. The Recombinant BCG DeltaureC::hly Vaccine Targets
the AIM2 Inflammasome to Induce Autophagy and Inflammation. J Infect Dis.
2015; 211: 1831-41.

Chai D, Zhang Z, Shi SY, Qiu D, Zhang C, Wang G, et al. Absent in melanoma
2-mediating M1 macrophages facilitate tumor rejection in renal carcinoma.
Transl Oncol. 2021; 14: 101018.

Xu M, Wang ], Li H, Zhang Z, Cheng Z. AIM2 inhibits colorectal cancer cell
proliferation and migration through suppression of Glil. Aging (Albany NY).
2020; 13: 1017-31.

Zheng JQ, Lin CH, Lee HH, Chang WM, Li L], Su CY, et al. AIM2 upregulation
promotes metastatic progression and PD-L1 expression in lung
adenocarcinoma. Cancer Sci. 2023; 114: 306-20.

Zheng ], Liu C, Shi J, Wen K, Wang X. AIM2 inhibits the proliferation, invasion
and migration, and promotes the apoptosis of osteosarcoma cells by
inactivating the PI3K/AKT/mTOR signaling pathway. Mol Med Rep. 2022;
25: 53.

HelL, LiuY, Lai W, Tian H, Chen L, Xie L, et al. DNA sensors, crucial receptors
to resist pathogens, are deregulated in colorectal cancer and associated with
initiation and progression of the disease. ] Cancer. 2020; 11: 893-905.

Chai D, Qiu D, Zhang Z, Yuchen Shi S, Wang G, Fang L, et al. Absent in
melanoma 2 enhances anti-tumour effects of CAIX promotor controlled
conditionally replicative adenovirus in renal cancer. J Cell Mol Med. 2020; 24:
10744-55.

Ma X, Guo P, Qiu Y, Mu K, Zhu L, Zhao W, et al. Loss of AIM2 expression
promotes hepatocarcinoma progression through activation of mTOR-S6K1
pathway. Oncotarget. 2016; 7: 36185-97.

Martinez-Cardona C, Lozano-Ruiz B, Bachiller V, Peiro G, Algaba-Chueca F,
Gomez-Hurtado I, et al. AIM2 deficiency reduces the development of
hepatocellular carcinoma in mice. Int ] Cancer. 2018; 143: 2997-3007.

So D, Shin HW, Kim J, Lee M, Myeong J, Chun YS, et al. Cervical cancer is
addicted to SIRT1 disarming the AIM2 antiviral defense. Oncogene. 2018; 37:
5191-204.

Zhou H, Zhang L, Luo W, Hong H, Tang D, Zhou D, et al. AIM2
inflammasome activation benefits the therapeutic effect of BCG in bladder
carcinoma. Front Pharmacol. 2022; 13: 1050774.

Chen LC, Wang L], Tsang NM, Ojcius DM, Chen CC, Ouyang CN, et al.
Tumour inflammasome-derived IL-1beta recruits neutrophils and improves
local recurrence-free survival in EBV-induced nasopharyngeal carcinoma.
EMBO Mol Med. 2012; 4: 1276-93.

Panchanathan R, Liu H, Choubey D. Hypoxia primes human normal prostate
epithelial cells and cancer cell lines for the NLRP3 and AIM2 inflammasome
activation. Oncotarget. 2016; 7: 28183-94.

Kong H, Wang Y, Zeng X, Wang Z, Wang H, Xie W. Differential expression of
inflammasomes in lung cancer cell lines and tissues. Tumour Biol. 2015; 36:
7501-13.

Zhang M, Jin C, Yang Y, Wang K, Zhou Y, Zhou Y, et al. AIM2 promotes
non-small-cell lung cancer cell growth through inflammasome-dependent
pathway. J Cell Physiol. 2019; 234: 20161-73.

Sorrentino R, Terlizzi M, Di Crescenzo VG, Popolo A, Pecoraro M, Perillo G, et
al. Human lung cancer-derived immunosuppressive plasmacytoid dendritic
cells release IL-1alpha in an AIM2 inflammasome-dependent manner. Am J
Pathol. 2015; 185: 3115-24.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 2021;
71: 209-49.

LiuR, Truax AD, Chen L, Hu P, Li Z, Chen ], et al. Expression profile of innate
immune receptors, NLRs and AIM?2, in human colorectal cancer: correlation
with cancer stages and inflammasome components. Oncotarget. 2015; 6:
33456-69.

Dihlmann S, Tao S, Echterdiek F, Herpel E, Jansen L, Chang-Claude J, et al.
Lack of Absent in Melanoma 2 (AIM2) expression in tumor cells is closely
associated with poor survival in colorectal cancer patients. Int ] Cancer. 2014;
135: 2387-96.

Kim TM, Laird PW, Park PJ. The landscape of microsatellite instability in
colorectal and endometrial cancer genomes. Cell. 2013; 155: 858-68.
Schulmann K, Brasch FE, Kunstmann E, Engel C, Pagenstecher C, Vogelsang
H, et al. HNPCC-associated small bowel cancer: clinical and molecular
characteristics. Gastroenterology. 2005; 128: 590-9.

Woerner SM, Kloor M, Schwitalle Y, Youmans H, Doeberitz M, Gebert J, et al.
The putative tumor suppressor AIM2 is frequently affected by different
genetic  alterations in microsatellite unstable colon cancers. Genes
Chromosomes Cancer. 2007; 46: 1080-9.

Lee ], Li L, Gretz N, Gebert ], Dihlmann S. Absent in Melanoma 2 (AIM2) is an
important mediator of interferon-dependent and -independent HLA-DRA and
HLA-DRB gene expression in colorectal cancers. Oncogene. 2012; 31: 1242-53.
Chen ], Wang Z, Yu S. AIM2 regulates viability and apoptosis in human
colorectal cancer cells via the PI3K/ Akt pathway. Onco Targets Ther. 2017; 10:
811-7.

https://lwww.jcancer.org



Journal of Cancer 2025, Vol. 16

169

39.

40.

41.

42.

43,

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Patsos G, Germann A, Gebert ], Dihlmann S. Restoration of absent in
melanoma 2 (AIM2) induces G2/M cell cycle arrest and promotes invasion of
colorectal cancer cells. Int ] Cancer. 2010; 126: 1838-49.

Wilson JE, Petrucelli AS, Chen L, Koblansky AA, Truax AD, Oyama Y, et al.
Inflammasome-independent role of AIM2 in suppressing colon tumorigenesis
via DNA-PK and Akt. Nat Med. 2015; 21: 906-13.

Man SM, Zhu Q, Zhu L, Liu Z, Karki R, Malik A, et al. Critical Role for the
DNA Sensor AIM2 in Stem Cell Proliferation and Cancer. Cell. 2015; 162:
45-58.

Huang QF, Fang DL, Nong BB, Zeng J. Focal pyroptosis-related genes AIM2
and ZBP1 are prognostic markers for triple-negative breast cancer with brain
metastases. Transl Cancer Res. 2021; 10: 4845-58.

Chen IF, Ou-Yang F, Hung JY, Liu JC, Wang H, Wang SC, et al. AIM2
suppresses human breast cancer cell proliferation in vitro and mammary
tumor growth in a mouse model. Mol Cancer Ther. 2006; 5: 1-7.

Liu ZY, YiJ, Liu FE. The molecular mechanism of breast cancer cell apoptosis
induction by absent in melanoma (AIM2). Int J Clin Exp Med. 2015; 8: 14750-8.
Li Y, Wang W, Li A, Huang W, Chen S, Han F, et al. Dihydroartemisinin
induces pyroptosis by promoting the AIM2/caspase-3/DFNAS5 axis in breast
cancer cells. Chem Biol Interact. 2021; 340: 109434.

Bahadoram S, Davoodi M, Hassanzadeh S, Bahadoram M, Barahman M,
Mafakher L. Renal cell carcinoma: an overview of the epidemiology,
diagnosis, and treatment. G Ital Nefrol. 2022; 39: 2022-vol3.

Chai D, Shan H, Wang G, Li H, Fang L, Song J, et al. AIM2 is a potential
therapeutic target in human renal carcinoma and suppresses its invasion and
metastasis via enhancing autophagy induction. Exp Cell Res. 2018; 370: 561-70.
Zhang X, Wei X, Wang Y, Wang S, Ji C, Yao L, et al. Pyroptosis Regulators and
Tumor Microenvironment Infiltration Characterization in Clear Cell Renal
Cell Carcinoma. Front Oncol. 2021; 11: 774279.

Zhang Y, Chen X, Fu Q, Wang F, Zhou X, Xiang ], et al. Comprehensive
analysis of pyroptosis regulators and tumor immune microenvironment in
clear cell renal cell carcinoma. Cancer Cell Int. 2021; 21: 667.

Wang Q, Gao S, Shou Y, Jia Y, Wei Z, Liu Y, et al. AIM2 promotes renal cell
carcinoma progression and sunitinib resistance through FOXO3a-ACSL4
axis-regulated ferroptosis. Int ] Biol Sci. 2023; 19: 1266-83.

Chakraborty E, Sarkar D. Emerging Therapies for Hepatocellular Carcinoma
(HCC). Cancers (Basel). 2022; 14: 2798.

Sonohara F, Inokawa Y, Kanda M, Nishikawa Y, Yamada S, Fujii T, et al.
Association of Inflammasome Components in Background Liver with Poor
Prognosis After Curatively-resected Hepatocellular Carcinoma. Anticancer
Res. 2017; 37: 293-300.

Chen SL, Liu LL, Lu SX, Luo RZ, Wang CH, Wang H, et al. HBx-mediated
decrease of AIM2 contributes to hepatocellular carcinoma metastasis. Mol
Oncol. 2017; 11: 1225-40.

Zheng P, Xiao W, Zhang ], Zheng X, Jiang J. The role of AIM2 in human
hepatocellular carcinoma and its clinical significance. Pathol Res Pract. 2023;
245:154454.

Thai AA, Solomon BJ, Sequist LV, Gainor JF, Heist RS. Lung cancer. Lancet.
2021; 398: 535-54.

Colarusso C, Terlizzi M, Falanga A, Stathopoulos G, De Lucia L, Hansbro PM,
et al. Absent in melanoma 2 (AIM2) positive profile identifies a poor prognosis
of lung adenocarcinoma patients. Int Immunopharmacol. 2023; 124: 110990.
Ye H, Yu W, Li Y, Bao X, Ni Y, Chen X, et al. AIM2 fosters lung
adenocarcinoma immune escape by modulating PD-L1 expression in
tumor-associated macrophages via JAK/STAT3. Hum Vaccin Immunother.
2023; 19: 2269790.

Qi M, Dai D, Liu ], Li Z, Liang P, Wang Y, et al. AIM2 promotes the
development of non-small cell lung cancer by modulating mitochondrial
dynamics. Oncogene. 2020; 39: 2707-23.

Alanazi M, Weng T, McLeod L, Gearing L], Smith JA, Kumar B, et al. Cytosolic
DNA sensor AIM2 promotes KRAS-driven lung cancer independent of
inflammasomes. Cancer Sci. 2024; 115: 1834-50.

Dreyfuss I, Kamath P, Frech F, Hernandez L, Nouri K. Squamous cell
carcinoma: 2021 updated review of treatment. Dermatol Ther. 2022; 35: €15308.
Mani N, Shah JP. Squamous Cell Carcinoma and Its Variants. Adv
Otorhinolaryngol. 2020; 84: 124-36.

Farshchian M, Nissinen L, Siljamaki E, Riihila P, Piipponen M, Kivisaari A, et
al. Tumor cell-specific AIM2 regulates growth and invasion of cutaneous
squamous cell carcinoma. Oncotarget. 2017; 8: 45825-36.

Kondo Y, Nagai K, Nakahata S, Saito Y, Ichikawa T, Suekane A, et al.
Overexpression of the DNA sensor proteins, absent in melanoma 2 and
interferon-inducible 16, contributes to tumorigenesis of oral squamous cell
carcinoma with p53 inactivation. Cancer Sci. 2012; 103: 782-90.

Chiu HW, Lee HL, Lee HH, Lu HW, Lin KY, Lin YF, et al. AIM2 promotes
irradiation resistance, migration ability and PD-L1 expression through
STAT1/NF-kB activation in oral squamous cell carcinoma. ] Transl Med. 2024;
2024: 13.

Nakamura Y, Nakahata S, Kondo Y, Izumi A, Yamamoto K, Ichikawa T, et al.
Overexpression of absent in melanoma 2 in oral squamous cell carcinoma
contributes to tumor progression. Biochem Biophys Res Commun. 2019; 509:
82-8.

Li Z, Shi X, Li H, Wang W, Li X. Low expression of AIM2 combined with high
expression of pSTAT3 is associated with poor prognosis in hypopharyngeal
squamous cell carcinoma. Oncol Rep. 2019; 41: 2396-408.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F. Gastric cancer.
Lancet. 2020; 396: 635-48.

Loépez MJ, Carbajal J, Alfaro AL, Saravia LG, Zanabria D, Araujo JM, et al.
Characteristics of gastric cancer around the world. Crit Rev Oncol Hematol.
2023; 181: 103841.

Wang D, Zou ], Dai J, Cheng Z. Absent in melanoma 2 suppresses gastric
cancer cell proliferation and migration via inactivation of AKT signaling
pathway. Sci Rep. 2021; 11: 8235.

Chen C, Xie L, Ren T, Huang Y, Xu J, Guo W. Immunotherapy for
osteosarcoma: Fundamental mechanism, rationale, and recent breakthroughs.
Cancer Lett. 2021; 500: 1-10.

Fukuda K, Okamura K, Riding RL, Fan X, Afshari K, Haddadi NS, et al. AIM2
regulates anti-tumor immunity and is a viable therapeutic target for
melanoma. ] Exp Med. 2021; 218: €20200962.

Chai D, Liu N, Li H, Wang G, Song ], Fang L, et al. H1/pAIM2 nanoparticles
exert anti-tumour effects that is associated with the inflammasome activation
in renal carcinoma. ] Cell Mol Med. 2018; 22: 5670-81.

Chiu HW, Lee HL, Lee HH, Lu HW, Lin KY, Lin YF, et al. AIM2 promotes
irradiation resistance, migration ability and PD-L1 expression through
STAT1/NF-kB activation in oral squamous cell carcinoma. ] Transl Med. 2024;
22:13.

Liu D, Xu X, Dai Y, Zhao X, Bao S, Ma W, et al. Blockade of AIM2
inflammasome or al-AR ameliorates IL-1P release and macrophage-mediated
immunosuppression induced by CAR-T treatment. ] Immunother Cancer.
2021; 9: e001466.

Wang H, Zhang H, Wei Q. Inhibition of AIM2 expression enhance treatment
effect of osimertinib in treatment of glioma. Folia Neuropathol. 2024; 62:
156-70.

Karki R, Kanneganti TD. Diverging inflammasome signals in tumorigenesis
and potential targeting. Nat Rev Cancer. 2019; 19: 197-214.

Lugrin J, Martinon F. The AIM2 inflammasome: Sensor of pathogens and
cellular perturbations. Immunol Rev. 2018; 281: 99-114.

Man SM, Karki R, Kanneganti TD. AIM2 inflammasome in infection, cancer,
and autoimmunity: Role in DNA sensing, inflammation, and innate immunity.
Eur ] Immunol. 2016; 46: 269-80.

Karki R, Man SM, Malireddi RKS, Gurung P, Vogel P, Lamkanfi M, et al.
Concerted activation of the AIM2 and NLRP3 inflammasomes orchestrates
host protection against Aspergillus infection. Cell Host Microbe. 2015; 17:
357-68.

Kalantari P, DeOliveira RB, Chan J, Corbett Y, Rathinam V, Stutz A, et al. Dual
engagement of the NLRP3 and AIM2 inflammasomes by plasmodium-derived
hemozoin and DNA during malaria. Cell Rep. 2014; 6: 196-210.

Man SM, Karki R, Kanneganti TD. Molecular mechanisms and functions of
pyroptosis, inflammatory caspases and inflammasomes in infectious diseases.
Immunol Rev. 2017; 277: 61-75.

Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and cancer.
Cell. 2010; 140: 883-99.

Lewis CE, Pollard JW. Distinct role of macrophages in different tumor
microenvironments. Cancer Res. 2006; 66: 605-12.

Liu C, Li L, Hou G, Lu Y, Gao M, Zhang L. HERC5/IFI16/p53 signaling
mediates breast cancer cell proliferation and migration. Life Sci. 2022; 303:
120692.

Ka NL, Lim GY, Hwang S, Kim SS, Lee MO. IFI16 inhibits DNA repair that
potentiates type-I interferon-induced antitumor effects in triple negative
breast cancer. Cell Rep. 2021; 37: 110138.

Lim GY, Cho SW, Ka NL, Lee KH, Im SA, Kim SS, et al. [FI16/1fi202 released
from breast cancer induces secretion of inflammatory cytokines from
macrophages and promotes tumor growth. J Cell Physiol. 2023; 238: 1507-19.
Azumi Y, Koma YI, Tsukamoto S, Kitamura Y, Ishihara N, Yamanaka K, et al.
IFI16 Induced by Direct Interaction between Esophageal Squamous Cell
Carcinomas and Macrophages Promotes Tumor Progression via Secretion of
IL-1a. Cells. 2023; 12: 2603.

Deswaerte V, Nguyen P, West A, Browning AF, Yu L, Ruwanpura SM, et al.
Inflammasome Adaptor ASC Suppresses Apoptosis of Gastric Cancer Cells by
an IL18-Mediated Inflammation-Independent Mechanism. Cancer Res. 2018;
78:1293-307.

Brunetto E, De Monte L, Balzano G, Camisa B, Laino V, Riba M, et al. The
IL-1/IL-1 receptor axis and tumor cell released inflammasome adaptor ASC
are key regulators of TSLP secretion by cancer associated fibroblasts in
pancreatic cancer. ] Immunother Cancer. 2019; 7: 45.

Hong S, Hwang I, Lee YS, Park S, Lee WK, Fernandes-Alnemri T, et al.
Restoration of ASC expression sensitizes colorectal cancer cells to genotoxic
stress-induced caspase-independent cell death. Cancer Lett. 2013; 331: 183-91.
Ma C, Wang Y, Chen W, Hou T, Zhang H, Zhang H, et al. Caspase-1 Regulates
the Apoptosis and Pyroptosis Induced by Phthalocyanine Zinc-Mediated
Photodynamic Therapy in Breast Cancer MCF-7 Cells. Molecules. 2023; 28:
5934.

Liao P, Huang WH, Cao L, Wang T, Chen LM. Low expression of FOXP2
predicts poor survival and targets caspase-1 to inhibit cell pyroptosis in
colorectal cancer. ] Cancer. 2022; 13: 1181-92.

Apte RN, Krelin Y, Song X, Dotan S, Recih E, Elkabets M, et al. Effects of
micro-environment- and  malignant cell-derived  interleukin-1  in
carcinogenesis, tumour invasiveness and tumour-host interactions. Eur J
Cancer. 2006; 42: 751-9.

https://lwww.jcancer.org



Journal of Cancer 2025, Vol. 16

170

94.

95.

96.

97.

98.

99.

100.

101.

Wang D, Cheng C, Chen X, Wang J, Liu K, Jing N, et al. IL-1p Is an
Androgen-Responsive Target in Macrophages for Inmunotherapy of Prostate
Cancer. Adv Sci (Weinh). 2023; 10: €2206889.

Caronni N, La Terza F, Vittoria FM, Barbiera G, Mezzanzanica L, Cuzzola V, et
al. IL-1P(+) macrophages fuel pathogenic inflammation in pancreatic cancer.
Nature. 2023; 623: 415-22.

Zhang C, Li Q, Xu Q, Dong W, Li C, Deng B, et al. Pulmonary interleukin 1
beta/serum amyloid A3 axis promotes lung metastasis of hepatocellular
carcinoma by facilitating the pre-metastatic niche formation. ] Exp Clin Cancer
Res. 2023; 42: 166.

Palma G, Barbieri A, Bimonte S, Palla M, Zappavigna S, Caraglia M, et al.
Interleukin 18: friend or foe in cancer. Biochim Biophys Acta. 2013; 1836:
296-303.

Fahey E, Doyle SL. IL-1 Family Cytokine Regulation of Vascular Permeability
and Angiogenesis. Front Immunol. 2019; 10: 1426.

Kobori T, Hamasaki S, Kitaura A, Yamazaki Y, Nishinaka T, Niwa A, et al.
Interleukin-18 Amplifies Macrophage Polarization and Morphological
Alteration, Leading to Excessive Angiogenesis. Front Immunol. 2018; 9: 334.
Kim KE, Song H, Kim TS, Yoon D, Kim CW, Bang 5I, et al. Interleukin-18 is a
critical factor for vascular endothelial growth factor-enhanced migration in
human gastric cancer cell lines. Oncogene. 2007; 26: 1468-76.

Kang JS, Bae SY, Kim HR, Kim YS, Kim DJ, Cho BJ, et al. Interleukin-18
increases metastasis and immune escape of stomach cancer via the
downregulation of CD70 and maintenance of CD44. Carcinogenesis. 2009; 30:
1987-96.

https://lwww.jcancer.org



