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Supplementary Table 1. Main forms of regulated cell death: similitudes and differences

Apoptosis Necroptosis Pyroptosis Ferroptosis
Morphology Nuclear cell swelling and cell swelling and cell swelling and
condensation, cell rupture rupture rupture
shrinkage, extensive
membrane blebbing
without loss of
membrane integrity
Receptor triggers TNFR TNFR DAMP/PAMP ?
receptors
Key proteolytic Regulated by Regulated by Regulated by Lipid metabolism
enzymes caspases, caspase- caspases, caspase- caspases, caspase- enzymes
dependent independent dependent, other
proteolytic enzymes
Other key enzymes - RIPK3 (RIPK1) - GPX4, FSP1
protect.
Lipid synthesis
(ACSL4), lipid
oxidation enzymes
(LOX)
Key impact of iron - - - Required
availability
Cell integrity Non-lytic Lytic Lytic Lytic
Key pore-forming BAX/BAK P-MLKL (cell Gasdermin-NT (cell | Oxidative lipid-cell
proteins (mitochondrial membrane) membrane, membrane protein
membrane) mitochondrial adducts??
membrane)
Changes in Eat-me signals, - - Phospholipid
membrane signal pannexin 1 peroxidation,
and release of channels: release of membrane protein
intracellular anti-inflammatory adducts
contents small molecules
Key cell membrane NINJ-1 (secondary NINJ-1 NINJ-1 ? (Not NINJ-1)
rupture protein Necrosis)
Membrane rupture Cleared by ESCRT-III ESCRT-III ESCRT-III
prevention efferocytosis.
mechanisms
Release of DAMPs No Non-specific Non-specific Non-specific
DAMPs DAMPs Release DAMPs, lipid
mature IL-1B/1L-18 peroxides
Impact on Anti-inflammatory Pro-inflammatory Pro-inflammatory Pro-inflammatory
inflammation
Impact on Non-immunogenic, Potentially Potentially Potentially
autoimmunity lymphoid cell immunogenic immunogenic immunogenic

apoptosis may
downregulate
autoimmunity




Supplementary Table 2. Necroptosis, ferroptosis and pyroptosis: examples of preclinical kidney disease
models for which there is evidence of involvement of each regulated necrosis modality. Unless otherwise
specified, benefit was reported for the intervention. The list is not exhaustive and is based on bona fide
modulators of the diverse forms of cell death. For the purpose of this table, as for suppl table 1, Nec-1 was
considered an inhibitor of necroptosis.

Pathway

Preclinical kidney disease

Reference

Necroptosis

AKI
IRI
Cytokine storm: CLP-sepsis, LPS-sepsis
Toxic AKI: cisplatin, radiocontrast, myoglobinuria, gentamicin
Crystal nephropathy: oxalate, folic acid,
CKD
Subtotal nephrectomy
Diabetic nephropathy
Adenine diet-induced CKD
Crystal: folic acid AKI-to-CKD
Polycystic kidney disease: more severe
uuo
ANCA-associated vasculitis, lupus nephritis

1-14

Ferroptosis

AKI
IRI
Cytokine storm: CLP-sepsis, LPS-sepsis
Toxic AKI: cisplatin, myoglobinuria
Crystal nephropathy: oxalate, folic acid
CKD
Diabetic nephropathy? (Rosiglitazone**)
Crystal: oxalate
Polycystic kidney disease:
uuo

15-24

Pyroptosis*

AKI
IRI: conflicting evidence: may increase severity.
Cytokine storm: LPS-sepsis
Toxic AKI: cisplatin: conflicting evidence: may increase severity.
Crystal: oxalate: may increase severity, but NLRP3 inflammasome targeting
beneficial
CKD
Subtotal nephrectomy
Diabetic nephropathy
uuo
Lupus nephritis: conflicting evidence: may increase severity.
G2APOL1 mice

25-35

* Only molecules or genetically modified mice targeting gasdermins are shown, since caspase inhibitors and
drugs targeting inflammasomes and 1l-1 may have actions dependent on regulation of apoptosis and
inflammation and independent from pyroptosis
** Antidiabetic drug and ACSL4 inhibitor




Supplementary Table 3. Preclinical kidney diseases that respond to manipulation of genes encoding
proteins involved in regulated necrosis or drugs targeting

these proteins.

Condition Necroptosis Ferroptosis Pyroptosis*

AKI

IRI-AKI Necl, Neclf: 48h Ferl: 48h GSDMD-KO mice:
AZD5423: 24h SRS 16-86: 48h 48h, more injury
RIPK3-KO mice: 48h Neclf: 48h, 72 GSDME-KO mice:
Primidone: 48h Vitamin K: K1, K2 MK4 : 48h 48h, more injury
ALL: Protection ALL: Protection GSDME-KO: 24h,

protection

Cisplatin Necl: 48hy 72h Ferl, MIOX-KO mice, GW4064, | GSDMD-KO, and
AZD5423, Cpd-71: 72h 72h: protection GSDME-KO mice:
MLKL-KO and RIPK3-KO mice: MIOX-Tg mice and FXR-KO 72h protection.
72h mice 72h: more injury GSDMD-KO mice:
ALL: protection 48h, more injury

FA-AKI RIPK3-KO mice: 48h, not protection | Ferl: 48h, protection ND

but less inflammation.

Necl, Necls, RIPK3-KO and
MLKL-KO mice: 96h, protection.
Dabrafenib: 28 days, protection.

Myoglobinuria

Necl in rats: 24h, protection.
RIPK3-KO mice: 24h, no protection.

Ferl: 24h, protection

ND

Calcium oxalate
crystals

Necl, Necls, Neclf, MLKL-KO
mice, RIPK3-KO mice: 24h,
protection.

Ferl: 4 weeks in rats, protection.
Neclf: 24h, protection

GSDMD-KO mice:
20 d: more severe

LPS GSKa872: 24h, protection. Ferl: 24h, protection Disulfiram: decreased
death
Cecal ligation- RIPK3-KO mice: 24h, protection Ferl: 24h, protection ND
puncture MLKL-KO mice: 24h, NO protection
CI-AKI Necl: 24h, protection. ND
Gentamicin Necl, RIPK3-KO mice: 24h, ND ND
protection.

CKD

Uuo GSK872, Necl, RIPK3-KO mice: 7 Lpx1: 14 days, protection. Gasdermin E
days, protection. deletion: protection
MLKL-KO mice: 7 days, NO Gasdermin D
protection. deletion: protection

Diabetic RIPK3-KO mice and dabrafenib: 24 | (Rosiglitazone)** ND

nephropathy weeks, protection.

Subtotal Necl: 8 weeks, protection. ND Gasdermin E

nephrectomy deletion: protection

Adenine RIPK3-KO mice: 14 days, ND ND

protection.

Lupus nephritis GSK872: 18 weeks, protection. ND Gasdermin D
deletion: increased
severity
Gasdermin E
deletion: protection
Disulfiram:
protection

Polycystic kidney Necl: more severe disease Ferl: protection ND

disease

G2APOL1 mice ND ND Disulfiram:
protection

IRI: ischemia reperfusion injury; GSDME: gasdermin E; ND: no data; UUO: unilateral ureteral obstruction.
* Only molecules or genetically modified mice targeting gasdermins are shown, since caspase inhibitors and

drugs targeting inflammasomes and 11-1 may have actions dependent on regulation of apoptosis and

inflammation and independent from pyroptosis
** Beware that rosiglitazone is an antidiabetic drug and inhibitor of ACSL4




Supplementary Table 4. Drug

\V[o] (101 [<}

targeting

ferroptosis, necroptosis or pyroptosis in
Kidney disease

preclinical AKI.

Reference

Ferroptosis

ACSL4 inhibitor

Rosiglitazone

Diabetic nephropathy**

1 renal function

!ZF:platin 1 renal function
SN | tubular injury
Ferrostatin-1 ::n(}::fyf)md AKI (early | tubular cell death | 6151820
Rhabdomyolysis lel;g;:il dation
Polycystic kidney disease P
Scavenger of lipid SRS 16-86 IRI 1 renal function 15
peroxidation | tubular injury
R 1 survival, |
. . GPX4™ mice tubular cell death 24
Liproxstatin . 36
uuo | tubular injury, |
fibrosis
Vitamin K1, K2 IRI 1 renal function 3738
MK4 | tubular injury
GPX4"- mice 1 survival 3940

Necroptosis

Folic acid induced AKI-

llong-term fibrosis

RIPK1 inhibitor

Necrostatin 1

Folic acid-AKI (96h)
Oxalate nephropathy
uuo
Gentamicin-AKI
Subtotal nephrectomy

Trenal function
ltubular injury

Dabrafenib CKD transition and and inflammation | 442
diabetic nephropathy (28 days)
LPS-sepsis and lupus trenal function
N GSK'872 nephritis Jtubular injury 11,1343
RIPK3 inhibitor uuOo Lcell death
IRI Trenal function m
AZD5423 Cisplatin Ltubular injury
CPD42 Gentamicin-AKI frenal fupcpon 10
ltubular injury
IRI
Cisplatin

1,3,5,8,10,43 45

Necrostatin 1s

Folic acid-AKI (96h)

Trenal function

3,46

Oxalate nephropathy ltubular injury

Primidone IRI-AKI frenal function 1 7
Jtubular injury

i . . trenal function 48
Cpd-71 Cisplatin Ltubular injury

RIPK1 inhibitor
Scavenger of
lipid peroxidation

Block gasdermin
D pore formation

Necrostatin-1f

Oxalate nephropathy
IRI

Trenal function
ltubular injury

49

Disulfiram

G2APOL1 mice

LPS-AKI

lower albuminuria

and improved
kidney function

Decreased death

50

51

* Only molecules targeting gasdermins are shown, since caspase inhibitors and drugs targeting inflammasomes

and Il-1p may have actions dependent on regulation of apoptosis and inflammation and independent from

pyroptosis

** Beware that rosiglitazone is an antidiabetic drug
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Supplementary Figure 1. Main forms of cell death of interest in disease and therapy and relationship to immunogenic cell death. Extreme physical, chemical, or
mechanical cues may cause instant cell death (Accidental cell death). However most often cell death occurs in response to less intense cues and is regulated by intracellular
molecules. Key components for each form of cell death are indicated. Apoptosis is the main form of programed cell death occurring physiologically, e.g., during development.
During tissue injury, both regulated necrosis and apoptosis may occur, the later having a lesser impact as an immunogenic form of cell death unless excessive or when clearance
is suboptimal. Key protective proteins for each pathway in green, caspases in purple, pore-forming proteins in red. Note that caspase-8 promotes apoptosis but protects from
necroptosis. GPX4: Glutathione peroxidase 4; MLKL: Mixed Lineage Kinase Domain Like Pseudokinase, RIPK3: Receptor-interacting serine/threonine-protein kinase 3,
RIPK1: Receptor-interacting serine/threonine-protein kinase 1, MPT: Mitochondrial permeability transition (MPT), MOMP: Mitochondrial outer membrane permeabilization,
CASP3: Caspase-3, ROS: reactive oxygen species, hematopoietic cells, NET: Neutrophil extracellular trap, PL: phospholipids. Adapted from ref.52, Springer Nature Limited.
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Supplementary Figure 2. Publications on regulated necrosis and the kidney. A) Number of manuscripts per year on diverse forms of cell death defined by the Nomenclature
Committee on Cell Death 2018 %2 and the kidney. The number was obtained by dividing the total number of references between the number of years elapsed from the first report
of that cell death and the kidney. As a comparator, the number of manuscripts per year on apoptosis and kidney were 595. B) Number of manuscripts in 2022. As a comparator,
the number of manuscripts in 2022 on apoptosis and kidney were 1615. Forms of cell death with at least one kidney-related publication are shown. Among the most represented
forms of regulated necrosis, the first kidney related publication for mitochondrial permeability transition-induced regulated necrosis (MPT-RN) dates from 2009, netosis from
2010, necroptosis, pyroptosis and entosis from 2012, ferroptosis from 2014, parthanatos from 2017 and autosis from 2020.

The following searches were performed on October 21, 2022: (necroptosis OR necroptotic) AND kidney; (ferroptosis OR ferroptotic) AND kidney; (netosis OR netotic) AND
kidney; Anoikis AND kidney; Autophagy-dependent cell death AND kidney; (Pyroptosis or pyroptotic) AND kidney; autosis AND kidney; (entosis OR entotic) AND kidney;
"Lysosome-dependent cell death" AND kidney; “mitochondrial permeability transition-induced regulated necrosis (MPT-RN)” AND kidney; OR ("Mitochondrial permeability
transition" OR MPT) AND necrosis) AND kidney; Parthanatos AND kidney; (Apoptosis OR apoptotic) AND kidney
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Supplementary Figure 3. Potential adverse consequences of preventing cell death in kidney injury. A) Inthe course of disease, cells may be stressed, resulting in sublethal
injury that is rapidly repaired. B) More severe stressors may cause cell death, potentially causing cell depletion, organ failure and delaying or even preventing tissue repair. C)

The expected outcome of the therapeutic use of inhibitors of regulated necrosis is to prevent cell death, resulting in fully functional and healthy surviving cells. However, there
is the concern that therapeutic approaches that inhibit cell death may also impair the clearance of irreversibly damaged cells. Of special concern are those who have suffered

DNA damage. In this regard, acquired somatic mutations are involved in the pathogenesis of autosomal dominant polycystic kidney disease and, although less studied, likely
in acquired kidney cystic disease associated with CKD 3. Acquired mutations may also lead to malignancy. Regulated necrosis has evolved as a means of protecting organisms

from pathogens such as intracellular pathogens
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Supplementary Figure 4. Molecular interactions between different forms of regulated cell death. A) Extrinsic apoptosis and necroptosis are interconnected. Inhibition
of caspase-8 may convert apoptosis into necroptosis by facilitating the interaction between RIPK1 and RIPK3. By contrast, inhibitors of RIPK3, such as GSK’872 promote
apoptosis by interacting with RIPK3 to activate caspase-8 via recruitment of RIPK1 to assemble a novel multiprotein complex 5*. This is also observed for certain kinase-
dead mutants of RIPK3. B) Molecular links between apoptosis and pyroptosis. Caspase-3 or caspase-8 activation in the course of apoptosis may activate certain gasdermins,
such as gasdermin-C, -D and -E, triggering pyroptosis. By contrast, caspase-3 may also degrade gasdermin-B-NT and gasdermin-D-NT, protecting from pyroptosis. C)
Pyroptosis and NETosis. NETosis mainly refers to neutrophil death triggering the release of DNA and nuclear components into neutrophil extracellular traps (NETS).
Molecular pathways consistent with both necroptosis and pyroptosis have been shown to result in NETosis. In neutrophils, endogenous proteases may process gasdermin-D
to gasdermin-D-NT that inserts protein pores into the nuclear and plasma membranes, facilitating the release of nuclear material.
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