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Rhabdomyolysis is a syndrome characterized by damaged skeletal muscle releasing its
cytosolic components into the bloodstream. One of the most common complications of
rhabdomyolysis is AKI, which occurs in 5-30% of hospitalized patients with rhabdomyolysis.
Patients with rhabdomyolysis-induced acute kidney injury (RIAKI) usually require renal
replacement therapy, and the mortality rate is 10-14%.

The pathogenesis of RIAKI is related to cytosolic components of injured muscle such as
myoglobin and dsDNA. dsDNA served as danger-associated molecular patterns (DAMPs) to
bind pattern recognition receptors (PRRs) and enhance inflammation. AIM2, a cytosolic
sensor for dsDNA, assembles an inflammasome with an adaptor protein (ASC) via its PYD
domain and activates caspase-1 to produce the mature form of IL-1p and the pore-forming
protein N-terminal GSDMD. This GSDMD-dependent cell death is referred to as pyroptosis.
Interestingly, several facts have shown that deletion of AIM2 leads to activation of other
dsDNA sensing pathways such as cGAS- STING. Cyclic GMP-AMP synthase (cGAS), the
stimulator of interferon genes (STING), is a known dsDNA-sensing pathway that leads to
activation of interferon regulatory factor 3 (IRF3) and NF-«B to increase cytokine production.
A recent paper suggests that circulating dsDNA increases during RIAKI and may contribute
to the process of tubular injury and inflammation. However, the mechanism of how dsDNA
affects and how dsDNA sensors interact and prioritize during RIAKI remains to be

investigated.
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We used 8-12 week-old WT, Aim2-/- and ASC-citrine mice. Aim2-/- mice with C57BL/6J
background were generated by CRISPR/Cas9-based genome editing. Female mice aged eight
to 12 weeks were used for cell experiments. For the RIAKI model, eight-to 10-week- old male

mice were used. RIAKI was generated by intramuscular injection of 50% glycerol (SmL/kg) or




vehicle (0.9% saline) into both hindlimbs after 24 hours of water deprivation. DNase-I was
injected intraperitoneally (50KU) every 12 hours after the first 2 doses: Immediately before
(10KU) and after (50KU) glycerol injection. Control mice were injected with vehicle (PBS
containing 0.15mg/mL CaCl2). Mice were sacrificed at the indicated time points after glycerol
administration.

PAS staining, Picrosirius red staining, immunohistochemistry, immunofluorescence staining,
TUNEL assay, BrdU assay, western blot, flow cytometry, RT-PCR, ELISA, and serum
chemistry were used for in vivo experiments to elucidate renal function, tubular injury, fibrosis,
inflammation, and cell death during RIAKI.

Mouse bone marrow-derived macrophages (BMDMs) were isolated from mouse femurs and
tibias. BMDMs were cultured for 24 hours in the above medium containing lipopolysaccharide
and IFNy for M1 polarization. Media containing IL-4, TGF, IL-10, or dexamethasone were
used for 72-hour polarization of M2, respectively. Primary tubular epithelial cells of the mouse
kidney (mTECs) and kidney resident macrophages (KRM) were isolated from WT and Aim2-/-
mice. J774 mouse macrophage-like cells were obtained from the RIKEN gene bank.

We transfected the cells with poly(dA:dT) using Lipofectamine 2000 according to the
manufacturer's protocol. Live cell imaging, LDH assay, Western blotting, RT-PCR and ELISA

were performed to verify cell death and inflammation.
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We found that DNase-I treatment decreased the serum levels of BUN and creatinine. In
addition, the histological staining of DNase-I treated mice kidney showed tubular damage, the
expression of KIM1 and F4/80 was reduced after glycerol injection.

After the effect of DNase-I was confirmed, 4im2-/- mice were injected with glycerol.
Unexpectedly, 4im2-/- mice had a sustained increase in BUN levels, indicating delayed
recovery from RIAKI. However, tubular injury as well as cell proliferation was similar
between WT and Aim2-/- mice, Aim2-/- mice developed severe fibrosis with massive
accumulation of CD206+CXCR3+ macrophages compared to WT mice.

Of note, Aim2-/- kidney strikingly suppressed macrophage pyroptosis during RIAKI. The
number of dead macrophages was counted less in the Aim2-/- kidney after glycerol injection
by flow cytometry and TUNEL than in the kidney of WT mice. Western blotting showed that
cleaved GSDMD (an executor of pyroptosis) was detected in WT mice, but it was reduced in
Aim2-/- mice. In response to glycerol injection, ASC-citrine mice formed ASC speck in the

cytoplasm of F4/80+ cells in the kidney, indicating inflammasome activation in macrophages



during RIAKI. Instead of initiating pyroptosis, 4im2-/- macrophages employed TBK1/NF-xB
pathway, resulting in increased TNFa and IFNP production. In vitro experiments confirmed
the survival of Aim2-/- macrophages and STING -TBKI/NF-kB activation after dsDNA
treatment. A wide range of macrophages, including kidney-resident or bone marrow-derived,
underwent pyroptosis detected by Western blot of cleaved caspase-1 and GSDMD without
releasing IL-1p immediately after dSDNA treatment. In contrast, Aim2-/- macrophages did not
produce pyroptosis-related proteins and instead stimulated more TBK1 phosphorylation and
produced more TNFa and IFNP. This cytokine release was completely inhibited by the
inhibitor H151, STING. These results suggest that AIM2-dependent pyroptosis is
immunosilent and critical for terminating inflammation and allowing normal healing after
RIAKI. In contrast, deletion of Aim2 inhibited macrophage removal and increased

inflammation through STING, resulting in severe fibrosis and delayed healing.
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Our main findings are as follows: 1) Since DNase I treatment improves tubular injury and
inflammation; dsDNA may be a potential danger signal of RIAKI. 2) Deletion of Aim?2
resulted in prolonged injury and severe fibrosis after glycerol injection, suggesting that AIM2
plays a protective role in the later stage of RIAKI. 3) CD206+CXCR3+ macrophages were
the major proinflammatory cells during RIAKI. 4) Pyroptosis clearly occurs in macrophages
during RIAKI. 5) dsDNA induced pyroptosis without cytokine release in certain macrophages
such as M0/M2 and kidney resident macrophages, in contrast, only M1 type inflammatory
macrophages released cytokines after dsDNA treatment. 6) Aim2 deficiency reduced
pyroptosis and delayed macrophage elimination. 7) Instead of rapid elimination by pyroptosis,
Aim2-/- macrophages used STING to increase inflammation. 8) Humoral factors released by
Aim2-/- macrophages after dsSDNA exposure prolonged the inflammatory response.

During RIAK]I, extracellular dsDNA exacerbated the initial phase, because our data showed
that DNase-I treatment significantly improved tubular injury and inflammation. Thus, AIM2
had a protective function during RIAKI. Further studies are needed to determine which
dsDNA sensor triggers inflammation during the initial phase of RIAKI.

Previously, Lammert, C.R. et al. reported that AIM2-dependent cell death contributes to the
clearance of damaged neurons during brain development. Similar to our study, this study
shows that AIM2-dependent pyroptosis can be a homeostatic to eliminate redundant cells. To
date, pyroptosis has been more prevalent in macrophages, and our study demonstrate the

protective role of AIM2-dependent pyroptosis under pathological conditions.



Our data reveal an unexpected role of AIM2 pyroptosis in limiting inflammation prior to
activation of the STING pathway. Similarly, previous studies have shown that cGAS- STING
produces type I IFNs to combat pathogens in macrophages in the absence of 4im2. Our in
vivo data showed direct TBK1 activation, TNFa and IFNf production in the Aim2-/- kidney,
indicating activation of STING. In addition, we found that CXCR3+ macrophage infiltration
in the Aim2-/- RIAKI kidney is likely regulated by the STING /CXCL10/CXCR3 axis. Our in
vitro data clearly demonstrated the activation of STING in Aim2-/- macrophages after dsDNA
stimulation. After dsDNA transfection, all WT macrophages (mBMDMs and KRMs) initiated
pyroptosis. M0, M2 polarized mBMDMs as well as KRMs did not produce inflammatory
cytokine IL-1B after dsDNA treatment. Aim2-/- macrophages were resistant to
dsDNA-induced cell death, but 4im2-/- macrophages activated STING and produced more

inflammatory cytokines.
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Our study has revealed a new concept of immunoregulatory pyroptosis in macrophages,
and AIM2 plays a crucial role in RIAKI. dsDNA and dsDNA sensors may be potential targets
for the treatment of RIAKI.

In conclusion, we have demonstrated an unexpected role for AIM2-driven pyroptosis in
curbing inflammation. Previously, macrophage pyroptosis was reported to be highly
inflammatory and harmful in sterile inflammatory diseases, and many drugs to inhibit
pyroptosis have been proposed for clinical use in the treatment of Alzheimer's disease,
Parkinson's disease, cardiovascular diseases, etc. Our results are the first study on
'homeostatic' pyroptosis in macrophages. We hope that our study will expand the insight of

inflammasome research.
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