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Abstract

Absent in melanoma 2(AIM?2) exacerbates atherosclerosis by inflammasome assembly. However, AIM2-mediated inflam-
mation in diabetic cardiomyopathy remains incompletely understood. Here we investigate the role of AIM2 in high glucose
(HG)- and diabetes-induced inflammatory cardiomyopathy. By RNA-seq, we found that AIM2 were significantly upregulated
in HG-induced macrophages, upregulation of AIM2 in cardiac infiltrating macrophages was confirmed in a high-fat diet
(HFD)/streptozotocin (STZ)-induceddiabetic mouse model . Therefore, AIM2 knockout mice were constructed. Compared
to WT mice, HFD/STZ-induced cardiac hypertrophy and dysfunction were significantly improved in AIM2”" mice, despite
no changes in blood glucose and body weight. Further, AIM2 deficiency inhibited cardiac recruitment of M 1-macrophages
and cytokine production. Mechanistically, AIM2-deficient macrophgaes reduced IL-1p and TNF-a secretion, which impaired
the NLRC4/IRF1 signaling in cardiomyocytes, and reduced further recruitment of macrophages, attenuated cardiac inflam-
mation and hypertrophy, these effects were confirmed by silencing IRF1 in WT mice, and significantly reversed by overex-
pression of IRF1 in AIM2”" mice. Taken together, our findings suggest that AIM2 serves as a novel target for the treatment
of diabetic cardiomyopathy.
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Introduction

Among the numerous risks of complications for diabetes
mellitus, diabetic cardiomyopathy (DCM) has received
considerable attention due to the aging worldwide in recent
years [1]. Approximately 12% of diabetic patients develop
myocardial dysfunction, also known as DCM [2]. The
main pathology of DCM is myocardial remodeling, which
includes cardiac hypertrophy and fibrosis but often occurs in
the absence of coronary artery disease [3, 4]. It increases the
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difficulty of predicting DCM, because the development of
heart failure takes a long time when cardiac ischemic symp-
toms occur. Therefore, the understanding of its underlying
mechanism is urgent for the target therapy of DCM.
Macrophage activation has been considered so far as
a main risk factor for high-fat diet (HFD)-induced DCM
[5, 6], and inflammation cytokines such as interleukin 6
(IL-6) and IL1-1p play an important role in macrophage-
mediated cardiac inflammation during the development of
DCM. However, there are several clinical trials targeting
proinflammatory cytokines have been disappointing so far
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[7, 8], therefore a question has been raised that understand-
ing the upstream regulators, and the mechanism regulating
cytokine production during the development of DCM may
find a breakthrough for new therapeutic approaches.

The recognition of pathogen-associated molecular pat-
terns (PAMPs) by their pathogen recognition receptors
(PRRs) triggers the signaling pathways and initiates immune
response, which is a crucial step in developing inflammation
and cytokine release [9]. Absent in melanoma (AIM2), a
member of the interferon-inducible HIN-200 protein fam-
ily, a cytosolic double-stranded DNA sensor, plays a critical
role in PAMPs/PRRs-mediated activation of inflammasomes
and innate immune response [10]. Previous studies have
revealed that AIM2 accelerates the atherosclerotic plaque
progressions through double-strand DNA sensing-dependent
PAMPs recognition pattern [11, 12]. AIM2 plays a similar
role in the process of inflammasome assembly as NLRP3
[13]. AIM2 is activated by PAMPs/PRR recognition pattern,
which forms a platform for recruiting ASC, activates serine
protease caspase-1, and further leads to the maturation and
secretion of IL-1p [10, 14].

Macrophages are enriched with PRRs, therefore the
recruitment of macrophages is one of the main participants
in inducing PAMPs/PRRs recognition [15], which promote
macrophage polarization and pyroptosis, thereby enhanc-
ing antigen presenting, immune response, and inflamma-
tion expansion [11, 16]. AIM?2 is highly expressed in mac-
rophages, as an initiator triggers the formation of NRLP3/
ASC inflammasome, which in turn promotes macrophage
maturation, differentiation, polarization and pyroptosis
[12, 17]. However, the role of AIM2 in PAMPs/PRRs-
induced DCM and the potential mechanism and relation-
ship between AIM2 activation and macrophages recruit-
ment and cytokine release remains to be explored.

In the present study, we investigated the role of AIM2
in DCM with HFD/streptozotocin (STZ)-induced diabetic
mouse model. We observed that AIM2 was significantly
upregulated in STZ-induced diabetic hearts, and STZ-
induced cardiac hypertrophy and dysfunction were allevi-
ated in AIM2 gene knockout (Aim27) mice. Deletion of
AIM2 attenuated M1-polarization and cardiac infiltration
of macrophages, which in turn reduced cardiac inflamma-
tion and DCM progression by blocking the NLRC4 inflam-
masome assembly and IRF1 signaling pathway in diabetic
cardiomyocytes.

Methods
Animal Models

All animal care and intervention procedures in this study
were approved by the University Committee on Laboratory
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Animals, in accordance with the guidelines of the China
Council on Animal Care. C57BL/6J-Aim2°™' mice were
purchased from Cyagen Biosciences (Guangzhou, China).
Exons 2-3 of mouse AIM2 gene was deleted using the
CRISPR/Cas9-sgRNA system, and the exons deletion in
mice was confirmed by PCR analysis. The Aim2°™!€ mice
were obtained from Aim2*/~ heterozygotes, therefore, the
Aim2*'~ heterozygotes were crossed back to the C57BL/6]
to breeding the Aim2~'~ mice and their Aim2*/* littermates
as negative controls. All mice were housed in standard
cages in a room with conditions of maintained temperature
(~24°C) and a 12 h/12 h light/dark cycle. Some groups of
mice were fed with a high-fat diet (HFD, D12451, Shanghai
Puluteng Biotechnology Co., Ltd., Shanghai, China) con-
taining 40% fat with an energy level of 4.2 kcal/g. After
one week of HFD feeding, all mice were randomly divided
into 4 groups: the wild-type (WT, Aim2*'* control, the
AIM27'~ control, the WT with STZ and the AIM2~/~ with
STZ group. STZ (S0130, Sigma, St. Louis, MO, USA) was
dissolved in citrate buffer, 0.1mol/L, pH4.5, sterile. STZ (cit-
rate buffer served as a control) was intraperitoneally injected
once a day at a dose of 40 mg/kg body weight (BW) for five
consecutive days. All mice were fed with HFD continuously
for 12 weeks, and body weights and blood glucose were
recorded weekly during the experiment.

Echocardiographic Examination

The left ventricular systolic-diastolic function of mice was
examined by echocardiographic assessment using a preclini-
cal ultrasound system (Vevo 2100, FUJIFILM Visual Sonics,
Canada). Briefly, mice were anesthetized with inhaled 2%
isoflurane and were placed on a heating board, with main-
tained body temperature at 37 °C, heart rate at ~550 beats/
min. The intercept angle between the Doppler beam line and
flow direction was controlled within 50°-60°, and M-mode
echocardiographic images were captured. Conventional
parameters of echocardiography were collected including
the left ventricular end-diastolic diameter (LVEDA), left ven-
tricular end-systolic diameter (LVEDs), and left ventricular
ejection fraction (EF). EF (%) = (LVEDV-LVESV)/ LVESV
x100%. All the measurements were double-blind.

Hematoxylin-Eosin (H&E) and Wheat Germ
Agglutinin (WGA) Staining

Histopathological changes of the cross-sectional area of
heart tissues (n=5 per group) were observed by H&E and
WGA staining. After induction with HFD for 12 weeks, all
mice were euthanized using 5% isoflurane inhalation fol-
lowed by cervical dislocation, and then thoracotomy to
obtain the hearts. The isolated heart tissues were washed
with PBS twice to remove residual blood, and fixed with 4%
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paraformaldehyde. After paraffin embedding, cardiac tissue
was cut into 5 pm-thick sections. Then, all sections were
xylene dewaxed and alcohol gradient dehydration followed
by stained with H&E or WGA dyes. After staining, we meas-
ured the mean cardiomyocyte surface area (CSA, pm?) in a
high-magnification(40X) image using an inverted fluores-
cence microscope, with five randomly selected areas in the
left ventricle tissue. The color photographs were converted
into black/white mode and circled around the cell bounda-
ries using Image J.1.48V software. For each, the CSA was
quantified and analyzed to determine cardiac hypertrophy.

Cell Culture and Transwell Examination

The mouse-derived RAW?264.7 cell line, H9c2 cardio-
myocytes cell line, and AC16 cells, derived from the adult
human ventricular tissues, were purchased from the Cell
bank of Shanghai Institute of Biochemistry and Cell Biol-
ogy (Chinese Academy of Sciences, China). Both cells were
cultured with Dulbecco's modified Eagle medium (DMEM,
Gibco, Grand Island, USA) supplemented with 10% fetal
bovine serum (Gibco), 1% penicillin/streptomycin (Gibco),
and cells were cultured in a humidified incubator at 37°C,
supplemented with 5% CO2 . After digesting with 0.25%
trypsin, 2 x 10° RAW 264.7 cells were seeded in a 6-well
plate. After culturing for 2 days, the culture medium was
changed with 0.5%FBS DMEM, and the cells were trans-
fected with recombined lentiviruse-AIM2 siRNA (20 pL,
5%108 U/ml) or negative control siRNA (20 pL, 5x108 U/
ml) for 24 h. Then, the RAW264.7 cells were cultured in
high glucose (25 mM D-glucose) medium or glucose-free
medium, and the secretion of inflammatory cytokines were
detected by ELISA in the culture supernatants. For coculture
transwell system, 5 x 10* RAW 264.7 cells were seeded in
the bottom layer of a 0.4 pm pore insert of 24-well transwell
plates, and H9c2 or AC16 cardiomyocytes were cultured in
upper layer of transwell plates with coated-matrigel. After
the RAW 264.7 cells stimulating by 2.5 ng/ml IFN-y and 200
ng/ml LPS for 48h, the cell morphology and immunofluo-
rescence staining of anti-NLRC4 were examined in cultured
HO9c2 or AC16 cardiomyocytes.

In Vitro Lentiviral Vectors Construction

For AIM2 inducible knockdown, shRNA oligo sequences
were designed as follows: 5’- ACUUUACAUUGAGAA
AAAGGA-3’; the antisense: 5’-CUUUUUCUCAAUGUA
AAGUGA-3'. The siRNA oligos were then synthesized and
subcloned into the pLKO-Tet-On-shRNA-control vector
(#98398, Addgene, USA) between Agel and EcoRI restric-
tion endonuclease sites. The recombined pLKO-Tet-On
vector together with pSPAX?2 and pMD2G vectors were
transfected into HEK293T cells. After transfection for 72

hours, viruse packaging in the supernatant were collected
by a polyethersulfone syringe filter. The filtered supernatant
was ultracentrifugated at 20,000 g, 4°C for 2 h, and the viral
pellets were titrated by QuickTiter™ HIV Lentivirus Quan-
titation Kit (VPK-108-H, Cell Biolabs Inc).

In Vivo Lentiviral-Mediated Cardiac-Specific siRNA
Delivery and IRF1 Overexpression

The siRNA oligo sequences against IRF1 were designed
as follows: 5’-AAUUAAUCUGCAUCUCUAGCC-3’; the
antisense: 5’-CUAGAGAUGCAGAUUAAUUCC-3’. The
siRNA oligos were then constructed into the pLKD-CM V-
eGFP-U6-vector (Obio Technologies, Inc. Shanghai, China)
A plasmid carrying a non-sense sequence was set as control.
For siRNA lentivirus packaging, either Lenti-IRF1-siRNA
or Lenti-control was cotransfected with Mission lentiviral
packing mix, and the vector carrying IRF1 siRNA oligo
sequences was recombined into the pLenti-CMV-EGFP-
P2A-MCS vector (Obio Technologies, Inc. Shanghai,
China). For IRF1 overexpression (IRF1-OE), the full-length
of IRF1 plasmid was purchased from OriGene Technolo-
gies (MR225563, the ORF sequence and the cloning site of
IRF1 were shown in Supplementary file-1), and the IRF1-
OE plasmid was reconstructed into the pSLenti-CMV-
EGFP-3xFLAG-WPRE (Obio Technologies, Inc. Shanghai,
China) using the BamHI/Mlu I endonuclease cleave sites.
Both viral stocks were titrated by QuickTiter™ HIV Lenti-
virus Quantitation Kit (VPK-108-H, Cell Biolabs Inc). For
in vivo cardiac siRNA delivery, mice were anesthetized with
2% isoflurane, and the hearts were exposed via a left thora-
cotomy at the fifth intercostal space. Lenti-IRF1-siRNA or
Lenti-control was administered by direct injection in the left
ventricular free wall (three injection sites, 10 pL/site, 5x10°
IU/mL). IRF1 gene silencing or IRF1 overexpression was
confirmed by Western blot after virus injection for 4 days.

Fluorescence-Activated Cell Sorter (FACS) Analysis

Mice were euthanized and hearts were extensively flushed
with sterile PBS to remove residual blood and peripheral
cells. Cardiac tissue was excised, minced with fine scissors,
and digested with collagenasell (1.5 mg/ml Worthington
Biochemical Corporation) and DNase (0.25 mg/ml Wor-
thington Biochemical Corporation) at 37°C for 30 minutes
as described previously (21). After sufficient digestion, tis-
sue suspension was then homogenized by pipetting and sub-
sequently filtered through a 40-um cell strainer. Erythrocytes
were lysed, and cells were washed and fixed in 10% buffered
formalin according to the supplier’s instructions, and then
incubated with anti-Fcy receptors block antibody (BioLe-
gend) for 15 min before being labeled with fluorescently
conjugated antibodies. After the single-cells suspension was
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washed and stained with different fluorescently conjugated
antibodies including: CD11b-FITC (#130-098-085, Miltenyi
Biotec,), Ly6G-PerCP/Cyanine5.5 (#127615, BioLegend),
CD68-Alexa Fluor® (ab312903, Abcam) and CD206-APC
(#141707, BioLegend) for 30 min, and then flow cytometry
and sorting were performed on a FACSAria™ flow cytome-
ter (BD Biosciences), and the data were analyzed by FlowJo
7.6.1 software (Tree Star Inc., Ashland, OR, USA).

Immunofluorescence Staining

Frozen heart tissue was embedded in OCT compound and
made into 5 pm thickness cryosection slices, which were
dried at room temperature for 30 min, fixed by 4% PFA for
10 mins, and then rinsed with 1x PBS for three times. The
cryosections were permeabilized with 0.1% TritonX-100
(Beyotime, Shanghai, China) for 5 min and blocked with
1.5% bovine serum albumin (BSA) for 1 h at room tem-
perature, and then incubated with immunofluorescence
antibodies, including anti-AIM2 mAb (1:500, MAS-
38442, Clone3C4G11, ThermoFisher Scientific, Waltham,
MA, USA); Anti-CD68 pAb (1:200; #25747 Proteintech,
Wuhan, China); Anti-NLRC4 mAb (1:500, PA5-88997,
ThermoFisher Scientific, Waltham, MA, USA); Anti-Pactin
pAD (1:200; ab8227, Abcam, Cambridge, UK). Stained sec-
tion images were visualized using a fluorescence microscope
with an oil immersion objective (60x, Leica, Wetzlar, Ger-
many). The individual images were saved as tiff files, and
opened with ImageJ 1.48V software. Then, converted color
images to single channel images to make the background
black, thereby better distinguishing fluorescent stained cells
or areas. To analyze the average fluorescence intensity, we
clicked on Analyze - Tools - ROI Manager in the menu bar,
and added image that needs to be analyzed, set the measure-
ment parameters, and exported the data to Excel files.

Western Blot

Total protein was extracted from heart tissue by RIPA lysis
buffer (PO013C, Beyotime, Shanghai, China), protein concen-
tration was examined by the BCA assay kit (P0O010, Beyotime,
Shanghai, China). Next, protein lysis (~20 pg) was run to 10%
SDS-PAGE and then transferred on PVDF membrane (San-
gon, Shanghai, China). The PVDF membrane was washed
and blocked with 1XTBST solution contained 3% skimmed
milk powder for one hour, and then incubated with the primary
antibodies (including anti-AIM2 mAb, 1:1000; #53491 Cell
Signal Technology; Anti-NLRC4 mAb (1:500, PA5-88997,
ThermoFisher Scientific, Waltham, MA, USA); anti-IRF1
mAb, 1:1000; #8478 Cell Signal Technology; anti-Nf-kB
mAb, 1:1000; #8242 Cell Signal Technology) at 4 °C over-
night. The blots in PVDF membrane were washed by 1XTBST
for 3 times and incubated with the HRP-conjugated antibodies
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for 30 min at room temperature. The blots were exposed using
the ECL chemiluminescence reagent (ThermoFisher Scientific,
Waltham, MA, USA) and visualized using ChemiDoc Imaging
Systems (Bio-Rad, Laboratories, Inc. USA).

Quantitative Real-Time-PCR

Total RNA from heart tissue was purified using Trizol rea-
gent (Invitrogen, ThermoFisher Scientific, Waltham, MA,
USA) according to the manufacturer's instructions. The con-
centration, purity, and amount of total RNA were quantified
using the Nano-Drop ND-1000 Ultraviolet Spectrophotom-
eter. The enriched mRNA was fragmented and reverse tran-
scription into cDNA was performed using a PrimeScript™
1st Strand cDNA Synthesis Kit (Takara Biomedical Technol-
ogy, Beijing Co., Ltd). cDNA fragments were amplified with
specific primers and SYBR green indicator (4913914001,
Roche, USA) on a Real-Time PCR System (Bio-Rad, Labo-
ratories, Inc. USA). Quantitative PCR for each pair of prim-
ers was repeated three times. The cDNA levels of target
transcripts were analyzed by using the “*CT method and
normalized to the house-keeping f-actin. The primers used
for gene expression were listed in Supplementary Table 1.

RNA Sequencing Data Analysis

Total RNA from control or HG-induced macrophages
were isolated and purified using TRIzol reagent (Invit-
rogen, ThermoFisher Scientific, Waltham, MA, USA)
according to the manufacturer's instructions. RNA integ-
rity was assessed by an Agilent 2100 Bioanalyzer (Agi-
lent Technologies, CA, USA) and checked by agarose gel
electrophoresis. Then the enriched mRNA was digested
into short fragments and reversly transcribed into cDNA
using NEBNext® Ultra™ RNA Library Prep Kit (NEB
#7530, New England Biolabs, MA, USA). The purified
double-stranded cDNA fragments were end repaired, base
A added, and ligated to Illumina sequencing adapters. The
ligation reaction was purified with the AMPure XP Beads
(1.0X), and the cDNA fragments library was sequenced
using [llumina HiSeqTM 2500 by Gene Denovo Biotech
(Guangzhou, China).

DEGs and Pathway Enrichment Analysis

Differential expressed RNAs were analyzed by DESeq?2 soft-
ware between two groups. The transcripts with the parameter
of false discovery rate (FDR) lower than 0.05 and fold change
> 1.5 were considered significantly different. Then, the differ-
entially expressed genes (DEGs) were chosen for Kyoto Ency-
clopedia of Genes and Genomes (KEGG) pathway analysis.
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The significantly enriched KEGG pathway in DEGs compar-
ing to the genome background were defined by hypergeometric
test. In pathway analysis plots, we reported the name of genes
just for those listed at top-10 enriched terms and with an FDR
< 0.05, which were displayed in the heatmap.

Cardiac Tissue ATP assay

ATP concentrations were measured using a luciferase—lucif-
erin ATP assay kit (Beyotime, Shanghai, China) following
the manufacturer’s instructions. Proteins were exacted from
diabetic hearts or control hearts, and protein concentration
was examined by the BCA assay kit (23225, Thermo Sci-
entific, MA, USA). Dilute the ATP stock solution ina 1:10
ratio, and approximately per 20 pg of protein lysis was added
with 100 pL ATP working solution, after incubating at room
temperature for 5 min, the RLU value was measured by a
luminometer. The relative ATP content was expressed as
relative luminescence units (RLU)/ mg protein.

Enzyme-Linked Immunosorbent Assay (ELISA)

Cytokine levels of IL-1f, TNF-a, IL-10 and IL-13 in heart tis-
sue homogenate were measured using the ELISA kits accord-
ing to the manufacturer's protocols (Beyotime, Shanghai,
China). The concentrations of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) in serum samples were
measured by chemistry colorimetric method using commer-
cial kits (C009-1, CO10-1, Nanjing Jiancheng, Bioengineering
Institute) according to the manufacturer’s instructions.

Statistical Analyses

Unless otherwise noted, all quantitative data in this study
were expressed as the mean + SEM from at least four inde-
pendent experiments. Comparisons between two groups,
significance was determined using the 2-tailed Student's
t-test; for comparisons more than two groups, significance
was determined using one-way or two-way ANOVA with
Tukey's post hoc test. A P value < 0.05 was considered sig-
nificant difference. All statistical tests were performed using
the Prism software (GraphPad 8.0 Software, Inc., La Jolla,
CA).

Results

AIM2 is Significantly Upregulated in STZ-Induced
Diabetic Heart

Considering that macrophage plays a crucial role in dia-
betic inflammation and cardiomyopathy, we first examined

the changes in gene transcriptional profiles between high
glucose (HG, 25 mM D-glucose) and PBS control induced
RAW264.7 cell lines. By RNA sequencing (RNA-seq) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
way enrichment analysis, the significantly enriched KEGG
pathway in DEGs comparing to the genome background
were determined, and we found that TNF, Nod-like recep-
tor, Toll-like receptor and RIG-I-like receptor signaling
pathways were all significantly upregulated in HG-induced
macrophages compared with those in PBS-treated control
macrophages (Supplementary Fig. 1). According to the bub-
ble plot pathway analysis, we further reported the DEGs for
those listed at top-10 enriched terms and with an FDR <
0.05 (Fig. 1a). We revealed that genes involved in inflam-
masome complex assembly, such as Nlrp3, Nlrc4, Nlrplb
and Naip2, were all markedly increased in HG-induced mac-
rophages (Fig. 1a). In addition, cell death pathway related
genes were significantly upregulated, including apoptosis
associated caspase8 and caspasel2, pyroptosis associated
Gsdmd and Gsdme (Fig. 1a). Furthermore, AIM2, the cyto-
solic double-stranded DNA sensor, was also significantly
increased HG-induced macrophages (Fig. 1a). Interestingly,
the transcriptional changes of AIM2, as well as inflamma-
some complex, Nlrp3, Nlrc4, and pyroptosis molecule
Gsdme, were confirmed in heart tissues of HFD-induced
STZ mice (Fig. 1b-e). To confirm the role of AIM2 in dia-
betic heart, we further determined the protein level change
of AIM2 in STZ mice after HFD feeding for 12 weeks. The
result showed that AIM2 protein level was also signifi-
cantly increased in STZ-induced diabetic heart compared
with control heart (Fig. 1f-g). To confirm the upregulation
of AIM2 in diabetic heart was due to cardiac infiltrating
macrophages, we performed immunofluorescence staining
on the cross-section of myocardium. AIM?2 positive cells
were markedly increased in myocardial tissue of STZ mice,
and a good colocalization of AIM2 with CD68 indicated
that the infiltrating macrophages were the main source of
increased AIM?2 in the diabetic heart (Fig. 1h). In addition,
cardiac hypertrophy as indicated by the increase in cardiac
cross sectional area (CSA) was enhanced (Fig. 1i), but car-
diac tissue ATP production was decreased in diabetic hearts
(Fig. 1j), these data suggested that increased cardiac infiltrat-
ing macrophages and AIM2 production might be the reason
for cardiac remodeling and cardiac energy metabolic disor-
der in HFD-induced STZ mice.

AIM2 Deficiency Alleviates STZ-Induced DCM
and Cardiac Dysfunction

To investigate the hypothesis whether upregulation of AIM2
in HFD/STZ hearts contribute to the development of DCM,
we constructed the C57BL/6J-Aim2°™!€ mice in which
AIM2 is conventional knockout (AIM2”") mice. HE staining
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of liver tissue sections showed no morphological or patho-
logical changes in AIM2”" mice after HFD/STZ for 12 weeks
(Supplementary Fig. 2), consistently, both ALT and AST
were not significantly changed in AIM2”" mice compared to
WT mice (Supplementary Fig. 3). The fasting blood glucose
levels were rapidly increased in both AIM2”" and WT mice
within 2 weeks after STZ injection, and no significant dif-
ference was observed between AIM2” mice and WT mice
(Fig. 2a). Despite HFD feeding, STZ-induced type-I diabetes
mellitus, both AIM2” and WT mice showed a significant
loss of weight compared with their control counterparts
(Fig. 2b). Echocardiography showed that deletion of AIM2
significantly improved cardiac left ventricular (LV) function
in HFD/STZ mice, however, AIM2 deficiency did not affect
LV function under physiological conditions compared with
their WT littermates (Fig. 2d), as indicated by decreased
LVIDs (2.724 mm + 0.105 mm vs. 2.954 mm =+ 0.155 mm,
P<0.001), and LVIDd (3.322 mm =+ 0.197 mm vs. 3.636 mm
+ 0.240 mm, P=0.0463), but increased EF value (59.682%
+4.877% vs. 52.468% + 5.675%, P=0.0432) (Fig. 2i-k). We
next performed historical analysis, In line with the results of
HFD/STZ-induced LV dysfunction and remodeling in WT
mice, HE staining showed that HFD/STZ caused a robust
cardiac enlargement in WT mice, cardiac hypertrophy was
observed through local myocardial tissue magnification, and
increase in cross sectional area (CSA) was also confirmed by
WGA staining (Fig. 2c, middle panel). In addition, cardiac
fibrosis was also markedly increased in HFD/STZ-induced
mice compared with that in WT control mice (Fig. 2c, bot-
tom panel). However, AIM2 deficiency significantly attenu-
ated HFD/STZ-induced cardiac hypertrophy, reduced fibro-
sis area (Fig. 2e-f), meanwhile, loss of AIM2 reduced the
mRNA levels of ANP and B-MHC (Fig. 2g-h), these data
suggested that deletion of AIM2 could improve DCM symp-
tom, including pathological hypertrophy, cardiac fibrosis and
cardiac dysfunction in HFD/STZ-induced diabetic mice.

Macrophage M1 Polarization and Cardiac
Inflammation were Attenuated in STZ-Induced
AIM27- Mice

Considering that AIM2 positive macrophages are signifi-
cantly increased in HFD/STZ-induced diabetic hearts, and
the activation and recruitment of macrophages play an
important role in promoting inflammation and remod-
eling in diabetic hearts, therefore we thought to measure
macrophage polarization and infiltration, and cardiac
inflammation in AIM2 deficient diabetic hearts. Flow
cytometric analysis revealed that the proportion of cardiac
infiltrating CD11b*Ly6G"#" neutrophils was significantly
decreased in STZ-induced AIM2”" mice after HFD feed-
ing for 12 weeks compared with those in STZ-induced
WT mice (Fig. 3a-b). The sorting of macrophages were
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further gated by anti-CD68 antibody. Compared with WT
mice, the proportion of cardiac infiltrating macrophages
significantly reduced in STZ-induced AIM2”" mice
(Fig. 3c-d). Notably, macrophages transited a M1-like
phonotype (the subpopulation of CD68¥CD86% cells)
in WT mice (Fig. 3e-f), while it transited a M2-like
phonotype (the subpopulation of CD68YCD206" cells)
in AIM2”" mice (Fig. 3g-h). To confirm the impact of
AIM?2 deficiency on the phenotype of cardiac infiltrat-
ing macrophages, we further determined the transcrip-
tional levels of M1/M2 marker genes of macrophages.
Consistently, cardiac expressions of iNOS and TNF-a
were significantly decreased (Fig. 3i-j), but Arg-1 and
IL-10 were significantly increased in HFD/STZ-induced
AIM27" mice compared with those in WT mice (Fig. 3k-
1), indicating that loss of AIM2 prevented M1 polari-
zation while promoted M2 polarization of macrophages
in diabetic hearts. Next, we examined the levels of pro-
inflammatory cytokines in cardiac tissues. As expected
that, loss of AIM?2 reduced the secretion of IL-1f and
TNF-a (Fig. 3m-n), but increased the secretion of IL-10
and IL-13 in diabetic hearts (Fig. 30-p). Collectively,
these data suggested that AIM2 deficiency suppressed
M1 polarization and cardiac recruitment of macrophages,
meanwhile attenuated cardiac inflammation in diabetic
hearts.

AIM2 Deficiency Suppresses NLRC4 Inflammasome
Activation in Diabetic Heart

To confirm the role of AIM2 in the regulation of mac-
rophage polarization, we knocked down AIM2 gene in cul-
tured murine RAW?264.7 cells using specific siRNA. The
RAW264.7 macrophages were incubated with high glucose
(HG, 25 mM D-glucose) or PBS for 24 hours, and then the
M1/M2 markers were examined by RT-PCR. Results showed
that the expressions of iNOS, TNF-a, Arg-1 and IL-10 were
not changed significantly between AIM2-siRNA cells and
siRNA-NC cells with PBS treatment (Fig. 4a-d). However,
iNOS, TNF-a, Arg-1 and IL-10 were all markedly increased
in RAW264.7 macrophages after stimulating with HG for
24 hours (Fig. 4a-d). But knocking down AIM?2 signifi-
cantly reduced the levels of iNOS and TNF-a (Fig. 4a-b),
and increased the levels of Arg-1 and IL-10 in HG-induced
RAW264.7 macrophages (Fig. 4c-d). Consistently, knock-
ing down of AIM2 did not change the baseline levels of
inflammatory cytokines in PBS-treated RAW?264.7 cells,
but AIM2 inhibition markedly decreased the supernatant
levels of IL-1p and TNF-a, increased the supernatant levels
of IL-10 and IL-13 induced by HG in cultured RAW?264.7
macrophages (Fig. 4e-h). Next, we co-cultured H9c2 cardio-
myocytes with HG-induced RAW264.7 macrophages for 48
hours. We found that hypertrophic response as measured by
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Fig.1 A critical role of AIM2 in cardiac inflammation of HFD/
STZ-mediated diabetic mice. The WT mice were injected with STZ
(40 mg/kg) or citrate buffer (control) once a day for three consecu-
tive days, and fed with high-fat diet for 12 weeks. a Heatmap showed
those significantly upregulated genes in HG(25 mM)-induced
RAW264.7 cells. b-e The upregulation of AIM2, GSDME, NLRC4
and NLRP3 were confirmed in HFD/STZ-induced diabetic hearts. f-
q The protein level of AIM2 was determined and quantified in cardiac

the cell surface area was significantly enhanced in H9¢2 car-
diomyocytes co-cultured with HG-induced RAW?264.7 cells,
but it was markedly reduced after knocking down AIM2 in

Merge
Ctrl HFD+STZ

tissues of HFD/STZ-induced mice and control mice. h Representative
immunofluorescence staining of AIM2 (green color) and CD68 (red
color) in the heart tissues from HFD/STZ-induced mice and control
mice, scale bar = 20 pm. i The cross sectional area (pm?) of cardio-
myocytes was quantified. j ATP level in cardiac tissues of HFD/STZ-
induced mice and control mice (n=10). Data were expressed as Mean
+ SEM. * P<0.05; ™ P<0.01; ™" P<0.001

HG-induced RAW264.7 cells (Fig. 4i-j). Similarly, cardiac
hypertrophy was also observed in human-derived AC16 car-
diomyocytes that co-cultured with HG-induced RAW264.7
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Fig. 2 Diabetic cardiac hypertrophy and dysfunction were attenuated
in HFD/STZ-induced AIM2” mice. AIM2"" mice and WT control
were randomly divided into four groups: WT+Ctrl, AIM2”+Ctrl,
WT+STZ, AIM27+STZ, STZ or citrate buffer (control) were
injected within the first 2 weeks. a Blood glucose level and (b) body
weight of mice from each group were recorded every two weeks.
¢ Mice were sacrificed after HFD feeding for 12 weeks, the cross
section of the hearts were stained by HE (the top panel, scale bar =
1 mm.), WGA dye (the middle panel), or Masson’s trichrome stain-

macrophages, and this effect disappeared after co-culturing
with AIM2 deficient macrophages (Supplementary Fig. 4).
Of note, the expression of NLRC4 was significantly down-
regulated both in H9¢2 and AC16 cardiomyocytes that
co-cultured with HG-induced AIM2-deficient RAW?264.7
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ing (the bottom panel), representative images and enlarged images
of each group of mice were displayed, scale bar = 20 pm. d Rep-
resentative images of M-mode echocardiography for each group of
mice were shown. e The cross sectional area (pm?) of cardiomyocytes
was quantified. f The percentage of fibrosis area was quantified using
Image J2X. g-h The mRNA levels of ANP and B-MHC were detected
by real-time PCR. i LVIDs, j LVIDd, and (k) LVEF were assessed by
software (n=>5). Data were expressed as Mean + SEM. * P<0.05; ™
P<0.01; " P<0.001

macrophages as compared to those co-cultured with HG-
induced WT macrophages (Fig. 4i, k), suggesting that loss of
AIM?2 in macrophages hindered the NLRC4 inflammasome
assembly in cardiomyocytes with which being contacted.
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AIM2-Mediated NLRC4 Inflammasome Activation
in Cardiomyocytes Accelerates DCM Through
Positively Regulating the IRF1 Signaling Pathway

In vivo, we confirmed that NLRC4, IRF1 and Nf-kB were
all significantly upregulated in heart tissues of HFD/STZ-
induced diabetic model (Fig. 5a-d). However, deletion of
AIM?2 markedly inhibited the activation of NLRC4-IRF1-
Nf-kB cascade in diabetic hearts (Fig. 5a-d). Recent studies
showed that a key role of IRF1 in regulating macrophage
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Fig.3 Deletion of AIM2 attenuated cardiac infiltrating M1-like mac-
rophages and inflammatory response in HFD/STZ-induced mice. a-
b Flow cytometric analysis of the proportions of CD11b*Ly6G™"
and CD11b*Ly6Ghe" neutrophils that infiltrating in the hearts of
STZ-induced AIM2” mice and WT mice. ¢-d The CD11b"Ly6G'""
subset was further sorted by anti-CD68, and the proportions of
Ly6G"°*CD68"¢" macrophages were quantified. e-h The proportions

S
é\v‘&

polarization, inflammasome activation, downstream signal
transduction and finally evoking inflammatory response [18,
19], we therefore knocked down IRF1 in vivo by lentivirus-
mediated siRNA against IRF1. Considering that siRNA
alone transfection is unstable in vivo, we recombined the
IRF1 siRNA oligo into the pLenti-CMV-EGFP-P2A-MCS
vector. The transfection efficiency was verified by tracing the
GFP immunofluorescence signal in the heart (Supplementary
Fig. 5a). Although GFP signal was weakened at 12 weeks
after pLenti-IRF1 siRNA injection, the inhibitory effect on
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CD86TCD68* (M1-like) and CD206YCD68™ (M2-like) subsets were
sorted and quantified. i-1 The expressions of M1-marker genes iNOS
and TNF-a, M2-marker genes Arg-1 and IL-10 were determined by
real-time PCR. m-p The cytokines expressed in diabetic hearts and
control hearts of AIM2” mice were detected by ELISA assays. Data
were expressed as Mean + SEM. ¥ P<0.05; " P<0.01; ™" P<0.001
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IRF1I mRNA remained significant compared to the 0 day
period without injection (Supplementary Fig. 5b). Also, the
effect on IRF1 protein inhibition was confirmed by West-
ern blot (Supplementary Fig. 6). After STZ stimulation and
HFD feeding for 12 weeks, cardiac function was assessed
by cardiac ultrasound. Compared with control Lenti-siRNA
transfected mice, a significant decrease in LVIDs and LVIDd
but a marked increase in LVEF was observed in IRF1 defi-
cient mice (Fig. 5i-1). Similar to the results of cardiac func-
tion, knocking down of IRF1 in vivo also improved cardiac
remodeling by reducing cardiac hypertrophy, which was
indicated by HE staining, WGA staining and CSA measure-
ment (Fig. Se-f). In line with this, both the mRNA levels of
ANP and B-MHC were significantly downregulated in IRF1
siRNA transfected STZ mice compared with those in control
siRNA transfected mice (Fig. 5g-h). Furthermore, by in situ
immunofluorescence staining, we found that IRF1 deficiency
not only reduced the cardiac expressions of AIM2 and
CD68, but also attenuated the colocalization of AIM2 and
CD68 in the diabetic heart (Fig. Sm), suggesting that sup-
pression of IRF1 also attenuated cardiac infiltration of mac-
rophages and AIM2-mediated inflammasome formation in
the heart. Indeed, we observed that knocking down of IRF1
and deletion of AIM2 had similar effects in reducing car-
diac inflammation. The secretion of IL-1 and TNF-o were
increased, but the secretion of IL-10 and IL-13 were reduced
in the cardiac tissues of IRF1 deficient mice compared to
those with control siRNA injection (Fig. 5n-q). Collectively,
these data indicated that IRF1 played an important role in
signal transduction after activating the NLRC4 inflamma-
some in cardiomyocytes, and IRF1 inhibition effectively
reversed AIM2-mediated cardiac hypertrophy, dysfunction
and remodeling by blocking NLRC4 inflammasome signal-
ing induced by AIM2-dependent macrophage M1 polariza-
tion and cardiac infiltration.

IRF1 Overexpression Abolished AIM2
Deficiency-Mediated Protective Effects

on HFD/STZ-Induced Myocardial Inflammation
and Hypertrophy

To confirm whether IRF1 is a downstream molecule of
AIM?2 signaling that critically involved in NLRC4 inflam-
masome activation in diabetic heart, we further overex-
pressed IRF1 in vivo by reconstructing the full-length of
IRF1 gene into the pSLenti-CMV-EGFP-3xFLAG-WPRE
vector. Overexpression of IRF1 aggravated cardiac dys-
function in AIM2” mice induced by HFD/STZ, indicated
by increased LVIDs and LVIDd but decreased LVEF
value (Fig. 6a-d). Meantime, Overexpression of IRF1
caused marketable cardiac hypertrophy (Fig. 6e, g), both
levels of ANP and f-MHC were significantly increased
in heart tissues of AIM2”" mice (Fig. 6h-i). Furthermore,
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cardiac infiltrating CD68" macrophages was increased
and NLRC4 inflammasome assembly was re-enhanced in
AIM?2 deficient hearts after IRF1 overexpression (Fig. 6f),
these data suggested that IRF1 is a key downstream media-
tor of AIM2-mediated cardiac inflammation in HFD/STZ-
induced diabetic hearts.

Discussion

Emerging evidence has revealed that PAMPs/PRRs rec-
ognition pattern-mediated inflammasome activation in
macrophages plays a crucial role in the development of
DCM and heart failure [10]. In this study, we reported
that AIM2, a scaffold that responsible for the inflamma-
some assembly, was essential for HFD/STZ-induced DCM
and cardiac remodeling. Deletion of AIM2 hinders M1
pro-inflammatory polarization and cardiac infiltration of
macrophages in diabetic hearts, thereby reducing assem-
bly of the NLRC4 inflammasome and activation of the
IRF1 signaling in cardiomyocytes, which further inhibits
pathological cardiac hypertrophy and the development of
diabetic heart failure (Fig. 6).

AIM2, a key regulator of the inflammasome assembly,
triggering by double DNA sensing (a common PAMPs),
plays an important role in the regulation of macrophage
maturation, differentiation, polarization and pyropto-
sis [12, 17, 20]. By RNA-seq, we found that membrane
receptors associated with PAMPs/PRRs-mediated innate
immunity, including Nod-like receptor, Toll-like receptor
and RIG-I-like receptor, were activated in HG-induced
macrophages. Importantly, we also found the upregula-
tion of AIM2, as well as inflammasome complex assembly
molecules such as Nlrp3 and Nlrc4 in HG-induced mac-
rophages, and the transcriptional changes of these genes
were confirmed in heart tissues of HFD/STZ-induced
diabetic hearts. Consistent with the data of AIM2 in ath-
erosclerosis that reported by Paulin N. et al.[12], here we
confirmed that AIM?2 was specially increased in cardiac
infiltrating macrophages in a diabetic mouse model. To
explore whether AIM2 upregulation affects cardiac glu-
cose metabolism [21], we constructed the AIM2 gene
knockout mice. The blood glucose level and loss of weight
were comparable between STZ-induced WT and AIM2™"-
mice, indicating that AIM2 deficiency did not change
cardiac glucose metabolism under the HFD feeding con-
ditions. However, deletion of AIM2 did improve cardiac
hypertrophy, LV dysfunction and remodeling HFD/STZ-
induced diabetic hearts

Considering that macrophage M1 polarization pro-
moted inflammasome assembly and inflammation
expansion, we therefore studied the characteristics of
AIM2 on macrophage polarization and its relationship
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Fig.4 Deletion of AIM2 reduced NLRC4 inflammasome forma-
tion in cardiomyocytes cocultured with HG-induced macrophages.
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tured with HG-induced RAW?264.7 macrophages was detected by

with diabetic hypertrophy. By flow cytometry analy-
sis, we found that cardiac infiltrating immune cells
including neutrophils (CD11b*Ly6G"#" subset) and
macrophages (CD68TLy6G!°% subset) were signifi-
cantly decreased in AIM2 deficient diabetic hearts
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anti-NLRC4 immunofluorescence staining. j The cell surface area of
cardiomyocytes from cocultured with AIM2-siRNA macrophages or
with NC-siRNA macrophages was assessed. k The average immuno-
fluorescence intensity of anti-NLRC4 was determined in cardiomyo-
cytes from cocultured with AIM2-siRNA macrophages or with NC-
siRNA macrophages (n=5). Data were expressed as Mean + SEM. *
P<0.05; " P<0.01; ™" P<0.001

[22]. Further, the proportion of M1-like macrophages
(CD86TCD68*Ly6G'Y subset) was reduced, but M2-like
macrophages (CD206"CD68Ly6G'* subset) was rela-
tively increased in AIM?2 deficient diabetic hearts. In line
with this, analysis with the M1/M2 polarization marker
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Fig.5 Inhibition of IRF1 signaling improved HFD/STZ-induced car-
diac inflammation, dysfunction and remodeling. a The protein levels
of IRF1, Nf-kB and NLRC4 were detected in heart tissue of STZ (or
citrate buffer)-induced WT and AIM2”" mice. b-d Plot-histogram
showed the quantification of the protein levels of IRF1, Nf-kB and
NLRC4, n=4 # P<0.05 vs. WT4STZ group. e Representative of HE
or WGA staining heart tissue images showed the cross section hearts
from HFD/STZ mice transfected with IRF1 siRNA or control siRNA,
scale bar = 20 pm. f The cross sectional area (pm?) of cardiomyo-

genes confirmed that deletion of AIM2 inhibited M1
polarization of macrophages, meantime reduced the secre-
tion of pro-inflammatory cytokines, IL-1p and TNF-a. In
addition, activation of AIM2 promoted M1 polarization
of macrophages was also observed in LPS-mediated acute

@ Springer

cytes was quantified. g-h The mRNA levels of ANP and f-MHC were
detected by real-time PCR. i M-mode echocardiography of STZ mice
transfected with IRF1 siRNA or control siRNA, and (j-1) LVIDs,
LVIDd, and LVEF were assessed by software. m Representative IF
staining of AIM2 (green color) and CD68 (red color) in the heart tis-
sues from STZ mice transfected with IRF1 siRNA or control siRNA,
scale bar = 20 pm. n-q The levels of IL-1f, TNF-a, IL-10 and IL-13
expressed in heart tissue were determined by ELISA (n=5). Data
were expressed as Mean + SEM. ¥ P<0.05; " P<0.01; ™" P<0.001

lung injury [23], and facilitated tumor rejection in renal
carcinoma through inflammasome signaling activation
[20].

IL-1P played a critical role in cardiac inflammation and
remodeling. Anti-inflammatory therapy targeting the IL-1
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signaling with Canakinumab led to a significantly lower rate
of cardiovascular adverse events [24]. IL-1p secretion pro-
moted taget cell pyroptosis or macrophage self pyroptosis
[25, 26]. Inhibition of inflammasome formation and pyropto-
sis reversed remodeling and improved cardiac repair in DCM
[25, 27]. In addition, exosomes-mediated M2 polarization
of macrophages antagonized inflammation and attenuated
doxorubicin-induced cardiomyopathy through reducing
IL-1p production [28]. Here, we found that AIM2 activated
the proinflammatory state of HG-mediated macrophages and

R e e e S ]

s

AIM2"+IRF1-OE

AlM27

Fig.6 Overexpression of IRF1 aggravated HFD/STZ-induced car-
diac inflammation, dysfunction and hypertrophy in AIM2” mice.
a M-mode echocardiography of HFD/STZ mice transfected with
Lenti-IRF1-OE vector or control vector, b-d LVIDs, LVIDd, and
LVEF were assessed and anlyzed. e Representative HE or WGA
staining images of heart tissues of AIM2”" mice transfected with con-

Myocardium

increased production of TNF-a and IL-1f, which further
activated the NLRC4 inflammasome and its assembly in
cardiomyocytes. Formation of NLRC4 inflammasome fur-
ther triggered the downstream IRF1/Nf-kB signaling path-
way, and finally resulted in cardiac adverse hypertrophy and
remodeling. IRF1 is an endogenous mediator of myocar-
dial ischemia reperfusion injury [29], and IRF1 activation
is essential for cardiac hypertrophy in response to pressure
overload [30]. Treatment with IRF1 siRNA attenuated car-
diac fibrosis and diastolic dysfunction by reducing pyrop-
totic markers, IL-1p and IL-18 production [3]. In our study,
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trol or IRF1-OE vector, scale bar = 20 pm. f Representative IF stain-
ing of NLRC4 (green color) and CD68 (red color) in myocardium of
HFD/STZ mice transfected with control or IRF1-OE vector, scale bar
= 20 pm. g The cardiac CSA was quantified, and (h-i) the mRNA
levels of ANP and f-MHC were determined. Data were expressed as
Mean + SEM. * P<0.05; " P<0.01
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we also observed that treatment with IRF1 siRNA in vivo
effectively improved LV function and attenuated diabetic
cardiac hypertrophy, and suppression of IRF1 had a nega-
tively feedback effect on the accumulation of macrophages
and the secretion of inflammatory cytokines in the diabetic
heart. Moreover, overexpression of IRF1 in AIM27 mice
markedly reversed the protective effect of AIM2 deficiency
on HFD/STZ-induced diabetic cardiomyopathy, accumula-
tion of cardiac infiltrating CD68% macrophages, increased
NLRC4 inflammasome assembly in cardiac tissues, and
enhanced hypertrophic response were observed in AIM2”"
mice after activating IRF1.

Recently, the cardioprotective effect of AIM2 deficiency
on DCM has also been observed in a type 2 diabetic rat
model [31]. This is a very similar study to ours. In this
article, the author highlighted the importance of increased
cardiac ROS production and pyrotosis activation in AIM2-
mediated diabetic cardiomyopathy. However, in our study we
mainly focus on how macrophage polarization is regulated
by AIM2, because M1 polarization of macrophage plays an
important role in the development of DCM. Consistently, we
both observed increased cell death, enhanced fibrosis and
aggravated cardiac dysfunction under HFD-induced diabetic
conditions, and AIM?2 deficiency benefits the heart from dia-
betic remodeling and dysfunction. The difference is that, in
addition to NLRP3-mediated pyrotosis activation, we also
found that NLRC4-mediated IRF1/Nf-kB signaling pathway
and cardiac inflammation contribute significantly to AIM2-
induced pathological hypertrophy and DCM. Our research
adds to the theory of cardiomyopathy mediated by AIM2
inflammasome and provides novel targets for the treatment
of related diseases. In summary, our findings demonstrate
that AIM2 plays a key role in the regulation of macrophage
polarization and accumulation in the heart, leading to the
occurrence of DCM. Inhibition of AIM2 impairs the pro-
inflammatory state of macrophages, which obstructs the
NLRC4 inflammasome assembly, reduces cardiac inflam-
mation and protected STZ-mediated diabetic hypertrophy
and dysfunction. We believe that this study will open up a
possible new therapeutical target for the prevention of DCM
linking to macrophage-mediated cardiac innate immune
response.

Study Limitations

Our study has several limitations. Firstly, our findings indi-
cate that AIM2 plays a functional role in regulating the
polarization and infiltration of cardiac macrophages, and
inhibition of AIM2 has been demonstrated to significantly
abolish M1 macrophage-mediated cardiac inflammation,
remodeling and dysfunction in HFD/STZ-induced mice.
However, the present data have been obtained using mouse
animal models or mouse-derived cell lines, which limit the
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generalizability of corresponding anti-inflammatory thera-
pies by targeting AIM2 in patients with diabetic cardiomyo-
pathy. It is postulated that the related methods and results
may be similar to those predicted in human diabetic cardio-
myopathy, but the pathogenesis of human diabetic cardio-
myopathy may be more complex than previously thought.
Given the diversity of downstream inflammasomes activated
by AIM?2, it is possible that the specific inflammasome
involved in this process may differ between humans and
mice. Consequently, the supplementary files contain data
indicating that impaired NLRC4 inflammasome assembly
is also observed in human-derived AC16 cardiomyocytes
following AIM2 knockdown. However, these findings must
be further validated in human diabetic models to confirm the
potential role of AIM2 in cardiomyopathy.

Secondly, the duration of the present experiments may
not be sufficiently long to observe a longer-term effect of
AIM2 deficiency on HFD/STZ-induced diabetic cardiomy-
opathy. The development of diabetic cardiomyopathy is a
relatively lengthy process. A high-fat diet induces a reduc-
tion in insulin sensitivity, which subsequently results in
impairment of glucose tolerance. This, in turn, leads to the
development of insulin resistance and cardiac remodeling.
Consequently, it can be anticipated that the development
of AIM2-targeted therapies should also have a relatively
long-lasting effect. Due to the constraints of the experi-
mental design, the observation period for the endpoint was
limited to 12 weeks following STZ/HFZ stimulation. This
was because symptoms such as cardiac hypertrophy, fibro-
sis and LV dysfunction were observed during this period.
The knockout of AIM2 resulted in the inhibition of car-
diac infiltrating macrophages, thereby improving cardiac
inflammation and delaying the occurrence of diabetic car-
diomyopathy. Nevertheless, it cannot be guaranteed that
the application of AIM2 antagonists will be effective for
an extended period of time. Consequently, further research
is required to assess the long-term therapeutic efficacy of
targeting the AIM2 signaling pathway.

Last but not the least, the potential negative effects of
AIM?2 deletion or inhibition of the AIM2/NLRC4/IRF1 sign-
aling axis used in the study on organs other than the cardiac
system have not been extensively explored. In the previous
reports, AIM2 inflammasome has been shown to serve as a
guardian of cellular integrity in modulating chronic inflam-
matory diseases, carcinoma and infection [32, 33]. There-
fore, AIM2 deficiency might promote tumor progression
and weaken the anti-tumor immunotherapy. Nevertheless,
the genetic inactivation of AIM2 has been demonstrated to
reduce liver damage and hepatocellular carcinoma devel-
opment in mice. In our study, no pathological changes or
liver toxicity were observed in AIM2”" mice after HFD/STZ
for 12 weeks (Supplementary Fig. 2-3). Anyway, further
research is required to confirm these findings in the future.
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