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Acute Kidney injury and regulated cell death
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Abstract: Acute kidney injury (AKI) refers to a clinical syndrome in which renal function declines rapidly in a short period of time
caused by various pathological factors. During the development of AKI, renal tubules with the functions of reabsorption and excretion
are prone to cell death due to external pathological stimuli, which is an important cause of impaired renal function. In recent years, a
variety of new cell death pathways have been gradually recognized. Researchers have now found that regulated cell death (RCD),
such as necroptosis, pyroptosis and ferroptosis, are important regulatory mechanisms of AKI. This article will summarize the research
advances of various types of RCD involved in the process of AKI, aiming to deepen the understanding of AKI and provide innovative
thoughts for the clinical treatment of AKI.
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Committee on Cell Death, NCCD) Ht 41 AL T ) 732
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MM AE T (accidental cell death, ACD) AT 5 P4
MIZET: (regulated cell death, RCD) k2 "', ACD
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Table 1. Major types of AKI and their brief characteristics

Pathological features

Animal model

Syndrome Characteristics Causes
Pre-renal azotaemia  Pre-renal Hypotension

Fluid loss

Drug administration
Drug nephrotoxicity =~ Renal Drug administration
Metal toxicity Renal Exposure to metals

(environmental, accidental

or professional causes)
Contrast-induced Renal Iodinated contrast media
nephropathy administration
Ischemic AKI Renal Surgery

Transplant

Renal artery occlusion
Septic AKI Renal Sepsis

Septic shock
Rhabdomyolytic AKI Renal Rhabdomyolysis
Nephritis Renal Systemic infections

Genitourinary infections

Autoimmunity

Primary glomerular
haemodynamic alterations
No parenchymal injury
Acute tubular necrosis
Secondary glomerular
haemodynamic alterations
Secondary inflammation
Acute tubular necrosis
Secondary glomerular
haemodynamic alterations
Secondary inflammation
Acute tubular necrosis
Secondary glomerular
haemodynamic alterations
Secondary inflammation
Acute tubular necrosis
Primary glomerular
haemodynamic alterations
Secondary inflammation
Acute tubular necrosis
Primary glomerular
haemodynamic alterations
Primary inflammation
Acute tubular necrosis
Secondary glomerular
haemodynamic alterations
Acute tubular necrosis
Primary infiltration
Primary inflammation

Hemorrhagic shock model

Drug administration ™

Drug-induced kidney injury

Metal administration
(mercury salts or uranium
oxides) ™

Iodinated contrast media
administration ™

Ischemia-reperfusion (IR)

model '

Cecal ligation and puncture
(CLP) model ™"
Lipopolysaccharide (LPS)
i.p. injection ™

Glycerol i.m. injection ¥

Heymann nephritis model "
Anti-Thy1.1
glomerulonephritis model ™

Masugi nephritis model "

AKI: acute kidney injury; i.p.: intraperitoneal; i.m.: intramuscular.
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receptors, DRs) BJ7 Ji i3] %244 (pathogen recognition
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JB8h T FHE S S, 2R A BAEH & El(%i
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Regulated cell death

Necroptosis Pyroptosis  Ferroptosis

l
|
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Fig. 1. The classification of regulated cell death (RCD) and its relationship with acute kidney injury (AKI). RCD consists of multiple

forms of cell death, including necroptosis, pyroptosis, ferroptosis, immunogenic cell death, Parthanatos, mitotic death, autophagy-

dependent cell death, etc. Among all these forms, necroptosis, pyroptosis and ferroptosis have been proved to be involved in the

process of AKI, while the role of immunogenic cell death, Parthanatos, mitotic death and autophagy-dependent cell death in AKI

remained to be clarified.
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Fig. 2. Molecular mechanism of necroptosis in the process of AKI. Necroptosis is a newly discovered type of cell death which requires

the activation of RIPK1 and RIPK3, and the formation of necrosome. Necrosome mediates the phosphorylation of MLKL, resulting

in MLKL oligomerization and cell death as final consequence. During AKI, necroptosis usually occurs in tubular epithelial cells, of

which the death may cause a wide range of metabolic and cellular dysfunction. AKI: acute kidney injury; DRs: death receptors; PRRs:

pathogen recognition receptors; RIPK1: receptor-interacting protein kinase 1; RIPK3: receptor-interacting protein kinase 3; MLKL:

mixed lineage kinase domain-like; FADD: Fas-associating protein with a novel death domain; TNFR1: tumor necrosis factor receptor
1; TRADD: TNFR1-associated death domain protein; TLR3/4: Toll-like receptor 3/4; TRIF: TIR-domain-containing adaptor inducing
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IR 512 AKT 8 rh,  /NEIE Caspase-11 A1 Gsdmd
() A RIL K TFFr, TiE kR Caspase-11 K| U
A DL G N BB DR, R BN R YRR
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Gsdmd FI)FI . JBE AL LA K SRE PR -1 AR T8 24 i
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Fig. 3. Molecular mechanism of pyroptosis in AKI. During the process of pyroptosis, active Caspase-1 and Caspase-4/5/11 cleave

3. AKGE R A T2 70 T LA R =

Gsdmd into two domains, of which the N-terminal leads to the formation of membrane pores, resulting in extracellular release of IL-1p

and IL-18. These two inflammatory factors are key drivers of renal inflammation, which can lead to the further deterioration of AKI.

AKI: acute kidney injury; PAMPs: pathogen-associated molecular patterns; DAMPs: damage-associated molecular patterns;
LPS: lipopolysaccharide; Gsdmd: Gasdermin D; Gsdmd-N: N-terminal of Gsdmd.
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Fig. 4. Molecular mechanism of ferroptosis in the process of AKI. Ferroptosis is a form of cell death characterized by the accumula-

tion of iron and the peroxidation of lipid. During the process of ferroptosis, GPX4 is affected by several ferroptosis-associated factors,

leading to a decrease in antioxidant capacity and the accumulation of ROS in cells. The elevated secretion of ROS may induce oxida-

tive stress, which contributes to renal parenchymal damage and causes functional dysregulation of kidney. AKI: acute kidney injury;

TFR1: transferrin receptor 1; DMT1: divalent metal transporter 1; Glu: glutamate; System X_: cystine/glutamate antiporter; GSH:

glutathione; GPX4: glutathione peroxidase 4; ROS: reactive oxygen species.
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